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A  PREFATORY  NOTE. 

Doctor  Giuseppe  Sergi,  professor  of  Anthropology  in  the 
Royal  University  of  Rome,  Italy,  has  made  for  himself  a  distin- 
^ished  position  by  the  ardor  with  which  he  has  pursued  the 
bnmcK  of  science  which  he  represents  and  the  numerous  valuable 
coi^butions  he  has  made  to  its  literature.  A  brief  sketch  of  his 
career  will  form  an  appropriate  introduction  to  the  summar>'  of 
bis  doctrines  of  craniology  which  is  here  translated.  * 

Dn  Scrgi  was  bom  in  Messina^  Sicily,  in  1841*  His  academic 
education  was  received  in  the  Universities  of  Messina  and 
Bologna,  where  he  devoted  himself  especially  to  the  departments 
of  comparative  anatomy  and  the  philology  of  the  Indo-European 
languages.  In  iSSo  he  was  appointed  to  the  chair  of  Anthro- 
pology in  the  University  of  Bologna,  and  four  years  later  to  the 
same  position  in  the  Faculty  of  Sciences  of  the  University  of 
Rome.  In  tliis  field  he  has  shown  much  energy,  having  by  his 
personal  exertions  founded  there  the  Museum  of  Anthropology 
and  the  Laboratory  for  Experimental  Psychology.  His  lectures 
are  attended  by  a  constantly  increasing  class,  and  on  the  organi- 
ation  of  the  Society  of  Anthropology  of  Rome  he  was  chosen 
as  its  first  president,  which  position  he  still  holds.  He  is  also  a 
regular,  corresponding  or  honorary  member  of  many  learned 
societies  in  his  own  and  other  countries,  among  which  may  be 
mentioned  in  the  United  States  the  Anthropological  Society  of 
Washington,  the  American  Philosophical  Society,  and  the  Numis- 
matic and  Antiquarian  Society  of  Philadelphia. 

His  published  works  have  been  very  numerous^  beginning  with 
**  Principles  of  Psychology,"  in  two  volumes,  issued  at  Messina  in 
1874,  and  of  which  a  new  edition  is  annoimced  for  this  year  (1894). 
These  writings  include  a  wide  variety  of  subjects  in  physical  and 
psjrchical  anthropology-  and  in  education.  Some  are  of  a  popular 
dnracter*  but  the  majority  arc  strictly  scientific  and  have  been 
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issued  by  learned  societies  and  journals.  Of  especial  note  li 
been  his  studies  on  the  prehistoric  peoples  of  the  coasts  of. 
Mediterranean;  on  the  native  tribes  of  Melanesia;  on  hufl 
degeneration  and  criminal  anthropology;  on  the  characteristia 
the  female  sex;  and,  in  American  subjects,  on  the  physical  and) 
pology  of  the  Fuegians,  on  skulls  of  the  Omag^as,  on  and 
Peruvian  skulls,  and  general  considerations  on  American  ski 
His  attention  has  been  fruitfully  attracted  to  the  pigmy  n 
of  Europe  and  to  the  varieties  of  the  human  species  found  in  m 
em  and  ancient  Russia,  especiaUy  to  the  remains  exhumed  ii 
the  '^kourgans,^  or  ancient  sepulchral  tumuli,  which  exist 
various  districts  of  that  state. 

D.  G.  Brintok 


THE  VARIETIES  OF  THE   HUMAN  SPECIES. 

PRINCIPLES    AND    METHOD    OF 
CLASSIFICATION. 

By  Giuseppe  Sergi. 


PART  FIRST. — B>isis  of  Human  Classification. 

L 

In  man,  as  in  other  animals,  we  find  physical  characteristics  of 
two  kindsy  external  and  internal.  The  first  are  principally  those 
pertaining  to  the  cutis  and  certain  cutaneous  appendages,  and 
include  the  coloring  of  the  skin  and  hair,  the  structure  and  form 
of  the  hair,  and  also  the  coloring  of  the  eyes.  The  chief  internal 
characteristics  are  the  bones  from  which  the  form  and  figure  of  all 
the  members  are  taken,  as  well  as  those  of  the  separate  parts  of  the 
body  clothed  with  soft  tissues,  such  as  muscles  and  fat.  The 
cranium  is  the  most  important  and  most  characteristic  part  of  the 
entire  human  skeleton. 

The  cranium  is  a  bony  case  which  encloses  a  viscus  of  the  first 
order,  the  brain,  which  in  man  is,  in  relation  to  the  animal  series, 
better  developed,  both  in  its  forms  and  functions.  It  is  known 
that  the  brain  and  cranium,  from  the  embryological  to  the  adult 
state,  are  in  a  parallel  manner  and  gradually  connected  in  evolu- 
tion, and  the  external  form  of  the  one  corresponds  to  that  of 
the  other.  Most  certainly  it  is  not  the  cranium  which  gives  form 
to  the  brain  of  man;  it  is  more  probable  that  it  is  the  brain 
which  moulds  its  organ  of  protection.  Given  hereditary  condi- 
tions, we  may  affirm  that  the  form  of  the  cranium  is  correlative  to 
that  of  the  brain.  If  we  could  discover  why  the  brain  takes  or 
has  taken  different  forms  we  would  possibly  understand  better  its 
corespondence  with  the  exterior  structure  of  the  cranium  by  which 
it  is  surrounded,  though  absolutely  ignorant  now.     We  might  be 
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able  to  leam  also  what  functional  and  especially  what  psycholo{ 
cal  characteristics  are  united  to  the  cerebral  forms .  which  a 
revealed  by  cranial  forms.  All  that  is  obscure  for  us,  and  al 
unexplored,  because  unsuspected;  for  in  place  of  that,  and  in  { 
inexact  manner,  the  volume  has  been  taken  into  account  ai 
therefore  the  weight  of  the  brain,  as  being  the  only  means  of  ma 
ing  an  anthropological  diagnosis  of  its  functional  value,  t 
volume  and  weight  corresponding  to  the  capacity  of  the  cranitu 

But  besides  the  cranium  commonly  called  cerebral,  there  is  tl 
face,  which,  from  the  morphologic  point  of  view,  is  not  less  impc 
tant  The  face  has  generally  given  more  positive  means  for  di 
tinguishing  human  groups,  not  only  on  account  of  the  colorii 
of  the  skin,  but  on  account  of  the  form  and  disposition  of  its  par 
of  the  nose,  of  the  clieeks,  of  the  molar  teeth,  and  on  account 
other  characteristics  which,  when  considered  together,  disclo 
differences  not  immediately  revealed  by  the  cerebral  cranium. 

The  otlier  parts  of  the  skeleton  also  have  differences  more 
less  profound  in  the  different  ethnic  groups,  the  stature,  the  leng 
of  the  extremities,  both  absolutely  and  relatively  to  the  statu 
and  to  the  trunk;  the  thoracic  form;  and  so  on.  But  such  diff< 
ences  seem  little  characteristic  compared  to  those  presented  by  t 
cranium  and  tlie  face;  until  now,  moreover,  they  have  had  b 
slight  value,  as  should  have  those  characteristics  of  classificati< 
which  are  merely  secondary. 

We  are  ignorant  what  may  have  been  the  primitive  type  or  i 
primitive  human  types,  considered  in  all  their  internal  and  exten 
characteristics;  that  is,  what  skeletal  forms  certain  ethnic  grou 
of  differently  colored  skin  possessed;  or,  on  the  other  hand,  wl 
color  of  skin  and  hair  belonged  to  certain  skeletal  forms.  Tl 
difficulty  is  caused  by  a  fact  easy  to  tmderstand,  by  the  minglii 
of  different  types  among  each  other,  and  by  the  hybrid  fon 
from  which  man  is  derived.  It  is  true,  however,  that  certa 
hybrid  results  seem  to  be  limited  to  certain  regions  and  to  a  ft 
human  groups;  and  that,  on  account  of  this,  the  elements  whi 
have  furnished  such  products  may  be  learned  up  to  a  certa 
point;  but  in  the  beginning,  at  least,  it  will  be  necessary  to  lea 
the  structures  of  the  parts  from  which  hybrids  are  derived. 

It  is  impossible  not  to  admit  human  hybridism,  since  it 
demonstrated  clearly  by  all  anthropologists;  in  this  directic 
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America  alone  shows  us  a  perfect  example  of  experimental  anthro- 
pology. It  is  now  determined  from  observations  that  human 
hybridism  is  multiform  among  sU  peoples;  but  what  we  learn 
from  that  example  is  the  exchange  of  external  characteristics  and 
their  mixture  with  those  internal,  that  is,  the  union  of  the  external 
characteristics  of  one  ethnic  type  with  the  internal  characteristics 
of  another  type.  Thus,  one  may  observe  the  color  of  the  skin  and 
hair  with  its  special  form  united  to  characteristics  of  skeletons 
which  do  not  generally  belong  to  types  of  that  color,  and  vice 
versa.  Tliat  may  be  observed  concerning  certain  characteristics, 
and  not  of  all;  such  as  the  stature,  or  the  face,  with  its  soft  cover- 
ing, or  the  form  of  the  cranium  only. 

If  we  study  our  European  populations  which  are  called  white, 
but  which  have  many  gradations  of  whiteness,  we  may  note  the 
great  mixture  of  characteristics,  a  mixture  which  is  changeable, 
from  which  results  a  great  variety  of  forms  of  individual  types, 
constituted  of  characteristics  differing  from  each  other.  An 
analysis  must  be  very  accurate  and  very  minute  to  discriminate 
these  different  elements  which  exist  in  the  composition  of  the 
ethnic  characteristics  of  individuals  and  peoples.  These  mixtures 
and  these  combinations  of  characteristics  differ  according  to  the 
character  and  number  of  elements  existing  in  the  various  nations 
of  the  south,  the  center,  or  the  north  of  Europe.  They  arise 
from  different  relations  with  mixed  peoples. 

What  is  most  important  in  this  human  hybridism,  so  various 
and  so  complex,  is  the  lack  of  the  blending  of  the  external  and 
internal  characteristics  from  which  new  human  varieties  may  be 
had.  Among  the  different  ethnic  elements  there  exists  only  a 
relation  of  position,  called  syncretism,  or  propinquity  of  charac- 
teristics, and  therefore  a  facility  for  forming  small  groups.  Such 
a  phenomenon  has  already  been  recognized  in  America,  and  it  is 
evident  in  Europe  among  peoples  who  appear  little  homogeneous, 
if  a  careful  obser\*ation  separates  the  characteristics  constituting 
ethnic  types  and  those  of  individuals  in  a  mixed  population. 

If  there  were  no  other  cause  for  such  an  absence  of  blending 
among  the  characteristics  of  human  hybridism,  this  cause  would 
exist,  that  the  relations  which  produce  the  mixtures  are  not  equal 
and  constant,  but  are  varied  and  inconstant.  If  there  should  be 
the  union  of  two  pure  ethnic  types  only,  for  several  generations. 
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we  should  be  able  to  derive  a  hybrid  product  constant  and  fixe 
as  among  animals  and  plants;  but  a  third  element,  either  pure  \ 
mixed,  arrives  in  the  second  or  third  generation  of  man,  and  so  < 
indefinitely.  Thus  it  is  easy  to  understand  how  unstable  must  1 
the  characteristics  of  the  hybrid,  for  they  can  scarcely  survive 
one  individual  for  a  generation.  The  hybrids  which  follow  mj 
have  characteristics  of  different  types,  with  the  tendency  eai 
time  to  have  these  reappear  by  heredity,  although  not  blended  ai 
not  fixed  in  the  individual. 

To  this  should  be  added  another  fact,  that  of  individual  variatic 
which  is  present  in  man,  as  in  other  animals,  increased  by  his  co 
stant  intemiinglings,  which  may  be  considered  stimulants  of  tt 
phenomenon,  as  has  been  suggested  by  Darwin  and  Wallace. 

Hence,  I  conclude  from  my  observations,  that  human  hybridia 
is  a  syncretism  of  characteristics  belonging  to  many  varieties,  ai 
that  these  do  not  modify  the  skeletal  forms  as  do  individual  vari 
tions,  and  that  hybridism  may  affect  different  parts  of  the  skeletc 
constituting  characteristics  in  themselves  distinct  The  statui 
the  thoracic  form,  the  proportion  of  the  long  bones,  mjiy  be  unit 
with  external  characteristics  differing  from  each  other,  as  well 
from  different  cranial  structures.  The  cranial  form  may  be  asf 
ciated  with  different  facial  forms,  and  inversely.  It  happens,  ho 
ever,  that  the  structures  taken  separately  remain  in  part  unvari 
in  the  hybrid  constitution.  The  face  preserves  its  own  characti 
istics  in  spite  of  the  union  of  different  cranial  forms;  so  also  t 
cranium  preserves  its  structures,  associating  them  with  differc 
facial  forms.  The  stature  preserves  its  own  proportions  in  sp 
of  its  association  with  different  cranial  and  facial  types,  and 
spite  of  the  different  coloration  of  the  skin  and  the  form  and  col 
of  the  hair.  All  this  may  be  affirmed,  particularly  of  much  larg 
human  groups  which,  according  to  external  characteristics,  m 
be  considered  much  nearer  than  they  really  are  in  geographic 
position,  as  the  so-called  white  races  in  Europe,  the  neg^roes 
Africa,  in  Melanesia,  and  so  on. 

Now,  granting  that  all  peoples  exhibit  the  characteristics 
hybridism  in  the  manner  just  described,  it  will  be  necessary 
learn  how  races,  groups  and  human  families  may  be  classifi< 
Let  us  observe  for  a  moment  the  classification  by  means  of  ext 
nal  characteristics,  most  common  among  anthropologists  frc 
Linnaeus  to  Quatrefages  and  Flower,  and  we  shall  see: 
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i).  That  the  color  of  the  human  skin  in  one  great  group  of  a 
type,  such  as  yellow,  black,  or  white,  is  of  different  gradations  and 
not  uniform. 

2).  Since,  as  above  stated,  all  peoples,  at  least  in  a  great  measure, 
arc  composed  of  hybrid  elements,  it  happens  that  different  ele- 
ments are  united  under  one  category,  which  is,  in  this  instance, 
the  color  of  the  skin. 

3).  Wc  must  not  forget  that  the  external  characteristics  are  more 
easily  lost,  and  much  easier  to  acquire,  by  intermixture  and 
heredity. 

A  curious  example  of  what  I  state  is  found  in  human  classifica- 
tion according  to  Quatrefages,  which  perhaps  is  now  the  most 
complete,  considered  only  as  a  classification  by  external  character- 
istics. He  places  the  Abyssinians  within  the  white  race  notwith- 
standing that  they  have  the  negro  coloring,  and  he  does  so 
because  he  believes  that  the  characteristic  form  of  the  skeleton  or 
internal  characteristics  of  the  Abyssinians  are  those  of  the  white 
race.  This  is  without  doubt  inconsistent  when  the  principle  of 
classification  by  color  is  accepted.  This  inconsistency  itself  shows 
the  defect  of  the  method  and  of  the  principles  mentioned  as 
applied  to  human  characteristics  and  their  combination. 

4).  Finally,  as  we  perceive,  the  theory  is  not  justified  that  man 
be  classified  as  a  single  species  with  three,  five  or  more  variations. 

If  the  characteristics  which  present  greater  stability  are  internal 
or  skeletal,  they  should  serve  for  human  classification: 

1st.  Because,  notwithstanding  amalgamation  and  consequent 
hybridism,  the  characteristics  originating  in  the  skeleton  are  per- 
sistent. 

2d.  Because  they  may  be  taken  as  fixed  points  with  which  other 
characteristics  may  be  associated,  and  may  be  also  external,  as  I 
shall  demonstrate. 

3d.  Because,  finally,  the  internal  characteristics  can  demonstrate 
the  full  number  of  divisions  and  subdivisions  in  classifying  ethnic 
groups,  and  in  analyzing  peoples  which  are  a  combination  of  a 
great  number  of  hybrids. 

It  remains  to  determine  which  internal  characteristics  should 
have  the  preference  in  deciding  the  value  of  types  for  classifica- 
tion. If  we  consider  the  human  skeleton,  with  that  object  in  view, 
we  find  three  parts  which  may  serve  for  that  purpose,  the  cerebral 
cranium,  the  face,  and  the  stature,  with  the  long  bones. 
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Stature. — ^The  stature  is  a  good,  but  an  insufficient  characterist 
because  it  gives  only  linear  differences,  and  in  its  value  resembl 
greatly  other  external  characteristics,  and  is  associated  with  all  t 
most  dissimilar  derived  from  the  skeleton. 

Face. — ^The  face  offers  very  important  characteristics  for  clas 
fication,  because  it  shows  typical  differences  in  the  ethnic  grou| 
The  face  has  given  more  points  for  the  distinction  of  human  typ 
than  the  other  parts  of  the  human  body,  and  would  appear  betl 
adapted  for  that  purpose  than  the  cerebral  cranium.  But  the  fa 
is  more  disposed  to  individual  variations  than  any  other  pa 
because  it  is  very  complex,  being  composed  of  numerous  sm 
bones,  clothed  with  muscles  which  have  continuous  and  importa 
functions  relating  to  the  physiognomy,  to  the  expression  of  psycl 
cal  conditions,  and  to  the  nutritive  functions.  These  facts  rend 
its  typical  form  less  constant,  and  are^  or  may  be,  the  cause  ol 
multiplication  of  types. 

'  Cranium. — ^The  cerebral  cranium  is  itself  also  liable  to  var: 
tions.  More  than  any  other  organ,  it  exhibits  a  phenomena 
often  observed  and  clearly  demonstrated  by  me,  that  is,  the  p< 
sistence  of  forms  from  immemorial  epochs,  and  their  reproducti* 
through  numerous  generations  notwithstanding  amalgamati< 
with  other  types.  I  have  demonstrated  such  a  persistence 
cranial  forms  in  the  varieties  of  the  Mediterranean  from  the  Nc 
lithic  and  from  the  most  ancient  Egyptian  epochs;  other  anthi 
pologists  have  recognized  such  persistence  in  European  types 
the  Quaternary  epoch,  and  in  others,  very  ancient,  from  Amerii 
This  cannot  be  said  of  the  structure  of  the  face. 

Therefore  if  the  human  cranium  is  accepted  as  the  basis  for  t 
classification  of  human  groups,  positive  results  may  be  had: 

1st  In  g^ups  which  have  been  subjected  to  mixture  in  wh 
ever  epoch  or  however  many  times,  the  distinctive  ethnic  elemei 
may  be  discerned  by  examining  the  cerebral  cranium  only,  whu 
remaining  unaltered  in  type^  may  be  found  united  by  hybridij 
with  other  internal  and  external  characteristics.  For  the  cranii 
is  the  point  about  which  revolve  all  other  variations  of  form,  eitl 
in  hybridism  or  in  the  human  form  itself. 

2d.  Knowing  the  cranial  types  of  a  people  who  seem  more 
less  homogeneous,  we  are  sure  of  learning  of  what  and  how  ma 
ethnic  elements  it  is  composed,  notwithstanding  the  hybridij 
present. 


^  Having  das&ified  all  the  cranial  types  in  different  regions 
mui  amoog  different  peoples,  we  may  leam  by  their  geographical 
figcribtitioti  the  numerical  extension  of  types  and  also  their 
geographical  origin;  that  is,  the  place  of  departure  and  the  course 
of  cmigraljon  and  dispersion  of  such  forms, 
te^  4th.  Then  it  ^ill  be  easy  to  leam  what  cranial  characteristics 
^Hie  found  among  populations  which  already  have  ethnic  names, 
^E  modem,  and  to  discover  among  them  points  of  simi- 

^B^.,.  ..Lifcrcncc. 

^H  Bctog«  dierefore,  obliged  on  acount  of  universal  human  hybrid- 
^^bm  to  select  as  a  guide  to  classification  the  most  important  and 
Hfhe  tnoM.  useful  of  the  internal  characteristics,  we  find  greater 
sdvantages  in  choosing  tiie  human  cranium,  about  which  all  the 
utber  characteristics,  internal  and  external,  are  grouped.  If  we 
■kct  one  characteristic,  or  a  number  of  variable  characteristics, 
ihall  find  oiir&dr<»  in  the  same  position  as  other  anthropolo- 
wh  external  or  accessor)'  traits.     It  follows  that 

.-  ^    .m  as  tlic  principal  internal  characteristic,  we 

infiliedly  accept  the  brain  in  its  various  forms,  and  the  brain  is  the 
»caii  imporeant  of  human  organs. 


IL 


,  ^Tbe  da»siiicalian  of  man  by  means  of  the  cranium  alone  is  by  no 
'  win  be  well  to  consider  these  schemes,  from  that 
li  to  tlie  last,  Uiat  of  KolhnamL  Nor,  indeed,  is 
cooc^lioci  of  the  importance  and  superiorit)*  of  the  cranium 
dblinguUhtng  ethnic  groups  by  any  means  recent.  To  show 
t,  we  have  but  to  refer  to  the  enormous  work  which  has  been 
lionet  from  Morton  to  Davis  and  Thurman^  from  Broca  to  G. 
Retxius.  '     '''    ^'         '  to  von  Holder,  to  Ecker,  to  His  and 

_RtitiiT>cj  ivanke,  to  others  still  more  numerous, 

Italy,  frocn  Ntcolncci  to  Mantegazza, 

|otwithstandlng  so  much  labor  expended  on  the  human  cra- 

satisfactorv*  resuhs  were  not  reached,  nor,  indeed,  I  may 

iSfflw  have  we  yet  reached  them,  at  least  not  in  tlie  signification 

[  which  I  '  '*        '     ulis  to  have.    The  fault  lies  in  the  nature 

Lii  the  :  I  rig  the  human  cranium  and  in  the  value 

imibcfted  to  craniometry. 
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The  classification  of  Retzius  is  based  upon  a  single  characteri 
of  the  cranium,  which,  however,  is  merely  the  numerical  exp 
sion  of  the  norma  verticalis  of  Blumenbach,  that  is,  the  cepb 
index. 

According  to  Retzius  we  have  only  two  forms  of  craniai,  the  1 
and  short;  though,  in  fact,  many  forms  of  short  and  long  en 
are  found  differing  very  much  from  each  other. 

When  craniometry  was  developed  in  a  systematic  manner, 
lowing  principally  the  work  of  Broca,  it  appeared  the  kc; 
anthropology,  and  took  the  first  place  among  means  of  inv< 
gations,  as  being  the  most  effecttud  method  for  disting^st 
human  races.  The  French  exaggerated  its  value;  the  Itali 
followed  with  zeal,  in  spite  of  the  skepticism  of  Mantegazza, 
head  of  the  Florentine  school  of  anthropology;  the  Gcnr 
have  been  more  rational,  and  with  them  the  Swiss,  represented 
His  and  Rutimeyer.  At  the  head  of  them  I  would  place  Blun 
bach,  who  based  his  small  but  valuable  book  upon  a  rational  fc 
dation.^  The  Germans  try  to  establish  cranial  type  almost 
entirely  independent  of  the  cephalic  index;  as  one  may  see  fi 
the  works  of  von  Holder,  of  Ecker,  of  His  and  Rutimeyer 
Virchow,  of  Kollmann,  of  Ranke  and  others.  In  my  opinion 
German  method  is  an  approximation  to  the  truth,  but  unfortuna 
the  conception  of  type  is  undeveloped  and,  I  •should  say, 
remained  rudimental,  because  craniometry,  like  a  pernicious  ¥i 
among  the  grain,  injures  the  harvest.  Virchow,  the  most  i 
nounced  scholar  in  anthropology,  and  the  man  who  has  stu( 
more  than  all  others  the  crania  of  all  peoples,  believes  that 
germ  of  a  sound  anthropology  should  develop  from  it  He  c 
cedes  only  a  secondary  value  to  craniometry;  but,  nevertheless 
his  last  work,  precisely  when  he  distinguishes  types,  attempt 
to  establish  them  definitely,  he  determines  them  by  craniom< 
alone.  In  fact,  in  his  great  work.  Crania  Ethnica  Americi 
he  defines  types  in  this  manner:  "  Die  Form  ist  long,  schmal  i 
relativ  hoch,''  or,  **  Die  Form  des  Schadels  ist  hypsi-brachycepl 
and  gives  the  index  and  the  measures.  Now  the  reader  who  • 
observe  that  the  Araucanians,  the  Pampeans,  the  Chilians 
Huanilla  and  of  Copiapo,  and  the  Peruvians  of  Iquique,  have 

^  Di gintris  humani  vmrittate  nativa.     Ilia  edit.     GMingen,  1795. 


THS  V4$CfF.TIES  OF  THE  HUMAN  SPECIES, 


n 


byp^-brachycephalic  form  of  cranium,  will  not  understand  why  the 
tOosoi  or  constittites  of  them  different  t>'pes,  defining 

them  ai..»^^  ,;ith  Uic  often-repeated  proposition,  **Die  Form  des 

^Schaiiels  bt  hypsi-brachycephal/'  That  the  forms  of  such  crania 
is  evident  from  the  fine  lithographs,  and  not  from  the 
iptsotv  much  less  from  the  definition.  Why  has  the  cele- 
brated anthropologist  stopped  on  the  way  and  has  not  developed 
tfie  idia  already  promulgated  by  him  and  by  his  compatriots? 
I  find  in  the  Crania  Hflvttka  and  in  the  Crania  Gtrmanica  of  von 
Holder  and  of  Eckcr  that  the  conception  of  type  is  more  evident 
and  ha5  oIm)  a  nonienclaturei  wiiicli  is  the  only  means  of  distin- 
gmshin^  typical  forms. 

According  to  my  observations  upon  craniometry,  which  has  now 
become  cabalistic,  especially  in  France,  on  account  of  the  abuse 
of  Rieaiiuret  and  numerical  ciphers,  the  indices  of  the  cranium  and 
face  arc  taken  as  a  means  of  distinguishing  races,  human  groups, 
as  we  might  call  them,  and  other  measures  are  either  omitted  or 
applied  only  to  individuals.  In  order  to  be  convinced  we  should 
carefully  and  conscientiously  study  the  craniometrical  works  of 
Dr.  Danieili,  of  Florence,  upon  the  Nias  and  Bengalese.  The 
autbor  has  not  been  able  to  find  satisfactory  results  after  pers^ever- 
m%  researches,  but  whoever  would  seek  evidence  of  individual 
varrattons  mil  find  more  than  enough.  It  seems  to  me,  therefore^ 
thai  the  method  by  measurement  may  serve  this  purpose,  tliat  is, 

I  to  discover  numerically  individual  diflferences,  but  never  those 
typical  of  a  race.  But  such  a  discovery  is  useless,  since  we  are  all 
ccmvinccfl  of  the  existence  of  individual  differences.  I  will  there- 
fore add  that  «tich  differences,  to  be  valuable^  must  be  sought,  not 

I  among  forms  differing  from  each  other,  but  among  individuals  of 
the  same  t>*pc  Tliat  implies,  therefore,  necessarily  and  always, 
the  learch  for  types  and  tlieir  distinction,  which  is  not  possible  by 
meant  of  the  craniometrical  method, 

Oaniometr>'  considers  two  forms,  with  a  third  of  transition ;  the 
CTuittrm  long,  ami  relatively  narrow;  the  cranium  wide,  and  rela* 
tiv  I,  thai  t%  dolicho-  and  brachycephalic,  the  form  between 

whivi.  ir  iitcsocephalic  These  forms,  as  I  have  said,  are  expres- 
sions of  the  normal  line  of  Blumcnbach*  but  imperfect,  inexact 
and  insufficient^  as  a  brief  demonstration  will  show. 
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Let  AA'  be  the  antero-posterior  diameter  of  a  cranium,  BB' 
the  greatest  transverse;  it  is  evident  that,  given  the  norma  verti- 
calis  with  such  diameters  and  with  the  greatest  transverse  at  the 
conjunction  of  the  line  BB',  this  norma  verticalis  takes  a  particu- 
lar form  on  account  of  the  curves  which  surround  the  two  diame- 
ters. This  line  or  curve,  which  surrounds  them,  is  called  X.  If 
the  greatest  transverse  is  placed  back  and  is  made  to  coincide  with 
the  line  CC,  the  curve  will  be  modified  and  will  no  longer  be  X 
but  Y.  That  will  be  equally  true  if  the  transverse  diameter  is 
placed  still  further  back  at  DD',  EE',  FF' ;  then  we  shall  have  a 
third  curve  Z,  a  fourth,  a  fifth,  n,  that  is,  we  shall  have  as  many 
different  vertical  curves  on  account  of  the  changing  of  the  diame- 
ter of  the  width,  as  the  index  causes ;  that  is,  the  relation  between 
the  length  and  the  width  will  be  the  same. 

From  this  it  may  be  judged  how  much  more  will  the  norma 
verticalis  vary  if  the  form  of  the  curve  circumscribing  the  two 
diameters  be  modified  in  other  ways,  that  is,  by  the  frontal  width, 
by  the  occipital  form,  and  so  on.  If  we  also  add  the  lateral  curves, 
those  posterior  and  anterior,  which  serve  to  show  the  form  of  this 
irregular  body,  we  shall  easily  be  convinced  that  the  cephalic  and 
vertical  index  cannot  give  the  cranial  form.  That  is  why  I  have 
above  stated  that  the  expression  of  Virchow,  "  The  form  of  the 


qanham   Is  hypd-brachyceplialic,"   is   insufficient  to   define  the 

\lomu     Whflc  crania]  t>*pes  so  defined  have  equal  indices,  their 

'^"^'   ^  '-  -  ^*-    V:^;^ree,  and  therefore  the  skull  may  or  not  be 

/<ic.     It  is  just  as  if  we  attempt  to  calculate  the 

ee  m  an  ciltp^is  by  means  of  tlie  relation  of  its  two  axes.    Two 

'  '  ^  equal  in  this  relation  may  be  unequal  in  size,  and  tliis  is 

ieae  two  relations  cannot  be  compared.     It  is  the  same  in 

fi;^rd  to  tfjc  cephalic  and  vertical  indices  of  llie  cranium. 

If  ft  were  true  and  tlierc  were  no  doubt  respecting  the  value  of 
the  celebrated  cephalic  index  in  determining  cranial  forms,  it 
woctld  foHow  that  all  human  crania  of  whatever  type  and  volume 
sboy]d  be  placed  in  the  tliree  categories  of  dolicho-,  raeso-,  and 
bfach>xepbaljc«  or  of  hypst-,  ortho-,  and  chamaecephalic.  Thus 
j  aU  the  populations  of  the  canli,  either  of  white,  yellow^  black  or 
f^  fildn,  would  have  crania  belonging  to  the  three  categories.  A 
dSAtificatiofi  solely  according  to  tlie  cephalic  index  is  therefore  an 
ahfiiirtlity*    It  is  mcohcrent  and  without  meaning,  as  are  those  of 


d-ue  that  such  anthropologists  are  obliged 
to  add  dcscnptioms  to  tlie  forms  of  each  part  of  the  cranium,  in 
Jcr  to  distiii     '  '    K  recognizing  ilie  insufficiency  of  cranial 
Such  iU  IS  can,  to  a  certain  degree  only>  supply  the 

'dded  of  the  roeihod,  but  tliey  always  remain  incomplete,  and 
forms  or  ^  f  the  human  cranium  of  various  popu- 

f«id  regions  jte.     The  French  school  has  gone  still 

'  £>rther  and  has  supphed  the  deficiency  with  an  infinite  number 
uf  meaiitiicmen^  '  .  h  only  increase  the  obscurity,  leaving  the 
CdoccpCJoa  of  :  ii  more  imcertain,  and  fatiguing  tlie  most 

patient  student,  who  becomes  convinced  of  never  reaching  any 
citUbctDr>*  re&ult  from  such  a  confused  accumulation  of  numbers. 
In  order  to  render  classification  more  definite,  or  for  the  sake 
oi  findmg  a  second  characteristic  which  might  be  associated  with 
Ae  cephalic  index,  Retzius  turned  his  attention  to  the  prognath* 
trm  and  the  orthognathism  of  the  molar  teetli ;  Kollmann  to  the 
udex.  Use  could  be  made  of  the  nasal  index  instead  of  tlie 
aciai^  or  the  orbital  index,  or  any  isolated  characteristic,  and  we 
•boiild  have  the  same  results.  The  combinations  given  by  Ret- 
ails and  Kollmann  are  possible,  but  cannot  indicate  races  or  varie- 
ties, tf^m  the  fact  tliat  they  are  hybrid  associations. 
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I  need  not  make  a  longer  demonstration  of  what  I  have  afii 
that  classifications  of  human  groups  have  been  attempte 
means  of  the  cerebral  cranium,  but  have  not  been  successfi 
account  of  deficiency  of  method;  and  that  the  craniome 
method,  still  so  undeveloped,  has  not  yet  nor  cannot,  give  ' 
results  while  there  is  an  exaggeration  of  an  exact  principle,  ti 
expressing  numerically  facts  relating  to  the  cranium.  It  seei 
me,  after  several  years  of  study,  and  after  having  adoptee 
accepted  form  of  craniometr\',  for  want  of  a  better,  that  it  is 
to  establish  for  our  use  and  for  the  study  of  the  variations  of 
a  natural  method,  resembling  that  which  is  used  in  zoology 
botany,  and  of  which  I  laid  the  foundation  about  two  years  a| 


III. 

The  human  cranium  presents  two  kinds  of  variaQoos:  the 
are  those  which  change  their  general  form  and  present  types  dii 
ing  from  each  other;  the  second  are  those  which  do  not  dn 
their  tj-pical  form.  The  first  have  stable  characteristics^  riiere 
hereditar>%  and  which  passing  through  many  generations  refl 
unaltered  and  persistent;  the  second  are  the  variations  of  the  i 
\*iduals  of  a  t>*pe,  and,  of  course,  being  transitor>\  do  not  in 
way  alter  the  tj-pical  forms;  the>'  are  the  so-called  "individi 
variations. 

There  is  no  need  of  recapitulating  the  &cts  which  relate  to  yn 
dons  in  the  human  cranium,  nor  of  seeking  their  causes^  since 
investigations  of  Darwin,  Wallace  and  others  conceming^ 
variability*  of  organisms,  well  known  to  aU  students  of  biok 
I  would  simply  state  that  the  \'arious  phenomena  of  variatioo 
repeated  in  man.  and,  for  the  case  in  point  in  the  human  crani 

The  relation  which  exists  between  the  two  kinds  of  variati 
is  close,  and  it  is  possible  to  admit  that  individual  variations  h 
given  origin  to  permanent  variations,  just  as  it  is  easy  to  accept 
idea  that  the  prx^ess  of  \'ariation  in  animals  and  in  man  in 
cranium  and  the  brain  is  continuous  and  constant.  Howe 
that  may  l»e,  an  obscr\-er  accustomed  to  large  and  small  series 
human  heads  perceives  immeiliately  that  such  series  mar 
divided  into  groups,  different  and  distinct  according  to  the  lo 
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of  the  cranium  itself,  and  that  some  difference,  often  difficult  to 
describe  or  explain,  exists  among  the  elements  of  the  groups; 
and  this  difference  is  derived  precisely  from  the  individual  varia- 
tions of  the  groups  themselves.  While  the  character  of  individual 
variations  is  transitory,  the  character  of  those  which  give  typical 
forms  is  permanent;  their  persistence  consists  in  being  hereditary 
and  numerous  in  each  generation. 

We  know  that  the  so-called  "  species  "  of  the  animal  kingdom 
have  forms  derived  from  some  variations  of  characteristics,  and 
that  they  are  such  because  the  variations  from  the  mother-species 
are  permanent  and  become  transmitted^*by  heredity.  These 
forms  may  be  called  "  varieties  "  of  the  "  species,"  or  races,  accord- 
ing to  some,  or  subspecies,  according  to  others.  We  will  call 
them  *•  varieties,"  because  the  name  indicates  their  immediate 
origin.  According  to  Darwin,  a  variety  is  a  species  in  the  process 
of  formation,  because  it  still  bears  many  characteristics  of  the 
species  from  which  it  is  derived,  and  cannot  become  an  inde- 
pendent form,  like  the  species  itself,  until  it  acquires  still  more 
diverging  characteristics. 

If  we  apply  this  principle  to  the  human  cranium,  we  should 
first  learn  if  man  comprises  a  single  species,  as  many  anthropo- 
logists believe,  or  has  many  species.  In  the  first  case,  the  typical 
variations  of  the  cranium  would  certainly  be  varieties;  if,  however, 
there  are  several  human  species,  the  problem  becomes  more  com- 
plicated. In  that  case  the  varieties  might  be  of  one  species,  and 
a  primitive  type  be  found  to  which  it  is  allied.  But  if  of  such 
primitive  types  there  were  several,  these  would  form  several 
species  which  should  be  grouped  under  one  genus. 

I  cannot  venture  the  solution  of  the  general  question  regarding 
the  unity  or  plurality  of  the  human  species,  considering  the  actual 
state  of  my  personal  observations,  limited  to  Southern  Europe, 
especially  the  Mediterranean,  to  Oriental  Europe,  and  to  the 
Kourgans  of  Russia.  I  should  examine  Asia,  Africa,  Oceanica, 
America,  Central  and  Northern  Europe,  before  being  able  to  give 
an  opinion  on  such  a  problem.  I  will  call  therefore  varieties  only, 
human  varieties,  the  typical  forms  of  the  cranium  which  are 
clearly  distinguished  from  each  other  by  their  own  and  diverging 
cliaracteristics,  while  I  will  suppose  that  such  varieties  may  con- 
verge in  different  species,  of  which  I  cannot  now  give  the  type 
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nor  characteristics.  Meanwhile  it  is  useful  to  know  and  descrit 
the  ^  varieties  ^  under  this  name,  with  the  purpose  of  teaming  the 
distribution  in  the  various  r^ons  of  the  earth. 

With  the  present  uncertainty  about  human  varieties,  I  couJ 
have  no  intention  of  publishing  a  work  which  would  treat  of  ga 
eral  theories,  nor  would  I  have  thought  of  the  present  pampM 
had  not  necessity  demanded  it  This  essay  is  only  designed  to  gii 
direction  to  the  method  of  research,  because  many  students  hai 
requested  it,  and  in-order  to  place  before  the  public  ideas  an 
facts  which  others  oHier  misunderstand  or  condemn  withoi 
knowing  them.  ^ 

Calling  the  typical  forms  of  the  cranium  '^  varieties,"  we  hai 
the  advantage  of  finding  the  differences  or  individual  variatioi 
of  the  same  type,  and  also  certain  differences  which  cannot  I 
reduced  to  individual  variations,  but  which  are  equally  repeat! 
as  diverging  characteristics  of  the  same  variety:  these  constitu 
subordinate  groups  or  "  subvarieties."  The  "  subvariety  "  ther 
fore  diverges  from  the  "  variety  "  by  a  new  characteristic  which 
retains  in  a  persistent  manner.  We  have  an  easy  means  of  recoj 
nizing  varieties  and  subvarieties,  and  of  distinguishing  the 
from  individual  variations.  The  latter  are  not  repeated,  or  if  the 
is  repetition  it  is  accidental;  varieties  are  repeated  by  grou] 
more  or  less  large,  which,  in  additioi^  have  individual  variation 
the  subvarieties  also  repeat  in  lesser  groups  that  characteristic 
those  characteristics  of  the  variety  from  which  they  are  derived. 

One  of  the  difficulties  of  craniologists  is  how  to  find  the  limi 
of  individual  variations,  how  to  distinguish  them  from  typic 
forms,  or  to  admit  that  all  cranial  variations  may  be  individw 
especially  if  one  population  is  studied  without  reflecting  that  ai 
population  is  invariably  a  composition  of  many  varieties,  notwit 
standing  the  misleading  appearance  of  the  external  form  and  tl 
exterior  characteristics.  We  can  clearly  and  easily  distinguish  1 
my  methcxi  the  individual  variations  from  the  true  and  consta 
varieties  and  from  the  subvarieties,  and  we  can  make  a  compk 
analysis  of  populations,  as  I  have  had  numerous  occasions 
demonstrate. 

Another  prejudice  of  anthropologists  is  that  human  varieti< 
determined  by  my  method,  may  be  too  numerous.  The  scient 
cannot,   indeed,   free   himself   of   certain   sentiments  which   a 
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acqulrrd  in  following  scientific  habits  and  which  have  become  a 
part  of  science  and  public  opinion,  because  in  face  of  the  danger 
oi  fccnig  human  varieties  doubled  or  decupled,  he  feels  an  aver- 
jtofit  like  an  mstinct  of  preservation  for  that  which  is  established 
«id  wliich  has  become  the  belief  of  most  scientists  and  cultivated 
meiL    The  human  races  until  now  have  been  either  three,  four  or 
h\^  but  never  six:  the  first  time  it  is  affirmed  that  they  may  be 
t^\  tion  is  inevitable;  it  is  Uie  misoneism  of  Lombroso, 

tt-  .......   .;  the  mind,  which  opposes  such  resistance,  just  as 

tRttter  is  opposed  to  every  change  in  the  direction  of  its  forces. 
Trcadni;  of  man,  into  which  we  ourselves  enter  with  our  senti- 
tnenU,  the  opposition  is  greater,  even  in  spite  of  good  intentions. 
Notwithstanding  this  psychological  phenomenon  which  influences 
'.'  of  facts  is  superior  to  every  inertia  and  sooner  or 
—  ,-...^ucr. 

With  the  observations  and  the  methods  which  I  propose,  I 
bdieve  that  many  errors  will  be  eliminated  from  anthropology. 
Those  errc»r»  have  been  accepted  because  we  have  never  pos- 
sessed natural  scientific  methods  for  the  study  of  human  classifi- 
cstion,  tnch  as  we  have  in  zoolog)%  To  apply  zoological  methods 
to  man  appeared  to  lower  him  to  his  congenerous  beings;  and, 
wliile  in  aeoology,  science  advances  freely,  in  anthropology,  on  the 
other  hand*  preoccupations  embarrass  researches,  I  observe  that 
tiidi  prwiccupations  do  not  exist  in  two  very  eminent  anthro- 
pologi^B,  although  the  contrary  at  first  appears  evident  in  one  of 
tbem — Bhtmenbach  and  Dc  Quatrefages — at  least  a  century  apart 
Blumenhatfa,  in  a  valuable  little  book,  attempts  to  apply  the 
soologkal  method  to  man,  not  only  for  classification,  but  for  the 
explanation  of  the  causes  of  animal  and  human  varieties*  De 
Quatrefages  in  his  last  work,  employs  the  same  method  and  the 
same  scientific  freedom.  Unfortunately  the  followers  or  succes- 
son  of  both  Itave  only  followed  their  masters  in  form,  but  not  in 
methrKL  Blumenbach,  who,  after  various  researches,  reduces  the 
bumaxi  specii^  to  five  varieties,  finds,  however,  that  human  varia- 
tion*  are  n  number.     If  his  method  had  been  followed 

strictly,  th^  .-...,,.>^r  of  human  varieties  would  long  ago  have  been 
tncrei^ed,  both  tn  respect  to  the  structure  and  the  cranial  forms. 

The  neglect  of  such  methods  and  the  failure  to  distinguish 
human  varieties  by  means  of  the  cranium  has  caused  a  curious 
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error,  that  of  regarding  certain  forms  which  are  typically  norm] 
as  pathological,  as  I  shall  have  occasion  to  demonstrate  in  tl 
future  when  I  speak  of  classified  forms.  This  is  apt  to  hs^p^ 
when  new  and  unrecognized  forms  are  placed  before  the  observe 

One  of  the  important  characteristics  in  classifying  the  crani 
varieties  of  man  is  the  cranial  capacity,  which  has  a  direct  relatic 
to  the  volume  and  weight  of  tfie  brain;  hence  classification  \ 
crania  means  the  classification  of  brains  estimated  by  their  for 
and  external  configuration.  Its  importance  is  for  us  increased  I 
the  fact  that  that  which  we  find  among  races  of  animals  occu 
also  in  man;  that  there  are  races  of  small  and  large  animals,  rao 
differing  in  size.  This  is  also  repeated  in  man,  and  we  therefa 
have  large,  medium  and  small  varieties,  as  measured  by  statui 
The  origin  of  such  varieties  is  perfectly  analogous  to  that  in  otb 
animals.  Nor  is  it  an  accidental  phenomenon,  because  it  is  ca 
firmed  by  heredity,  through  numerous  and  indefinite  generation 

I  have  concluded,  in  studying  cranial  varieties  morphological 
as  human  varieties,  that  is,  by  their  characteristic  structures,  th 
the  volume  has  a  direct  relation  to  the  form,  that  is,  many  fom 
have  limited  and  definite  capacities,  while  other  forms  have  sul 
varieties  differing  in  capacity.  Such  varieties  are  analogous  t 
the  stature  of  the  large  and  small  varieties  of  animals.  Tl 
cranial  capacity,  therefore,  while  it  is  one  of  the  integral  charactc 
istics  of  the  cranium  in  regard  to  its  classification,  is  also  the  ind 
cation  of  different  varieties  according  to  size.  I  discovered  th 
fact  when  I  classified  for  the  first  time  the  crania  of  Melanesia,  as 
subsequently  I  defined  it  more  accurately  when  I  examined  an 
classified  thousands  of  other  human  crania. 

This  fact  points  to  a  correction  of  the  value  of  cranial  capacil 
and  therefore  of  the  weight  of  the  brain,  until  now  calculated  I 
the  average  without  distinction  among  different  varieties.  Tl 
cranial  capacity  of  man  varies  from  looo  cc.  to  about  2000  cc  i 
the  masculine  sex;  this  enormous  difference  is  admitted  as  ind 
vidual  variation,  and  it  is  thus  conceded  that  there  may  be  a  leai 
limit  of  normality  possible  which  can  be  ascribed  to  the  function  k 
the  brain,  crania  which  descend  to  1150CC.  being  considered  I 
pathological  microcephali,  according  to  Broca,  and  more  or  lei 
according  to  other  anthropologists;  giving,  on  the  other  hand, 
great  value  to  a  large  capacity.     Both  conclusions  are  contrary  X 
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the  real  significance  of  the  facts.  I  have  found  normal  masculine 
capacities  of  1000  cc  and  a  little  greater,  representing  small  human 
varieties,  not  being  sporadic  and  individual  phenomena;  and,  on 
the  other  hand,  anthropologists  have  registered  for  eminent  men 
like  Dante,  Gauss  and  others,  very  mediocre  capacities,  even  very 
low,  while  for  ordinary  men  they  have  recorded  a  much  higher 
capacity.  I  have  found  in  Melanesia  normally  constituted  heads 
absolutely  microcephalic,  together  with  megalocephalic  heads, 
belonging  to  varieties  which  have  the  same  social  value;  they  are 
both  inferior,  some  anthropophagous,  and  live  mixed  together  as 
one  people.  That  which  I  have  asserted  concerning  Melanesia 
may  be  said  of  the  ancient  and  modern  populations  of  the  Medi- 
terranean, among  which  are  the  Sicilians,  the  Sardinians,  and  the 
inhabitants  of  Central  and  Southern  Italy;  and  I  do  not  believe  it 
can  be  said  that  there  are  no  signs  of  human  superiority  in  those 
regions.  There  are  not,  therefore,  individual  differences  so  great 
as  from  1000  to  1500  cc,  and  from  1500  to  2000  cc,  but  character- 
istic differences  of  variety  in  human  forms.  The  general  average 
I  therefore  maintain  is  inexact  and  still  further  arbitrary,  because 
it  is  the  average  of  incommensurate  quantities.  The  exact 
average  is  that  between  individuals  of  the  same  variety,  and  the 
difference  is  the  true  individual  variation. 

But  there  is  another  error  to  correct  due  to  the  signification 
which  I  am  able  to  give  to  varieties  distinguished  by  means  of  my 
method.  It  is  considered  by  some  a  demonstrated  fact  that  the 
cranial  capacity  has  been  increased  in  the  course  of  social  evolu- 
tion from  prehistoric  epochs  to  historic  times.  Eminent  men  have 
affirmed  it,  but  I  have  already  placed  their  conclusions  in  doubt, 
because  the  facts  do  not  appear  to  me  evident  and  affirmative.  I 
wrote  some  years  ago  :^  **  The  most  important  physical  evolution 
of  man  would  be  that  which  related  to  the  organ  of  the  mental 
functions,  the  brain.  But  the  facts  are  still  very  doubtful  and  very 
obscure  which  relate  to  the  weight  and  volume  of  the  brain,  and 
consequently  to  the  cranial  capacity.  In  a  recent  work  of  Pro- 
fessor Schmidt  I  find  that  the  cranial  capacity  of  the  ancient  pure 
Eir>'ptians  is  1394  cc.  in  the  masculine  and  1257  in  the  feminine 
sex;  in  the  pure  modem  Egyptians  it  is  1421  in  the  males,  1206  in 

^  Human  Evolution,     Review  of  Scientific  Philosophy,  1888,  Milan. 
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the  females.  According  to  these  figures  there  would  be 
increase  of  the  cranial  capacity  of  the  modem  over  the  ancic 
males,  but  a  decrease  in  the  females.  The  reverse  would  be  tr 
of  the  Egypta»Nubian  cranium,  which  is  1335  in  the  mode 
males  and  1205.8  in  the  females.  Broca  found  that  the  Egyptia 
of  the  IV.  Dynasty  had,  males  1534,  females  1397  cc;  those  of  t 
XI.,  males  1443,  females  1328;  and,  finally,  those  of  the  XXII 
the  most  recent,  males  1464,  females  1322.  There  would  be 
such  a  case  no  increase,  but  decrease,  but  that  is  not  possible;  ti 
cause  of  these  facts  lies  in  the  mixtures  of  races  at  different  tim 
and  in  different  proportions.^ 

Now  I  conclude  from  my  recent  studies  upon  the  Egyptians 
different  dynasties,  from  the  most  ancient  to  the  present,  th 
according  to  my  method  of  classification  there  are  capacities  ( 
1260  cc,  of  1390,  of  1480,  of  1550,  of  1710,  and  still  other  cap 
cities  differing  according  to  the  varieties  determined.*  As 
easily  understood,  a  general  average  necessarily  alters  the  fad 
according  to  the  number  of  varieties  which  enter  as  componen 
of  the  average  in  the  different  series  in  anthropological  museumi 
hence  the  curious  results  above  indicated. 

Another  important  point  is  as  follows: 

"  But  the  fact  which  surprises  us  is  the  high  figure  of  the  capi 
city  given  by  prehistoric  crania.  The  masculine  crania  of  Lozdi 
have  given  1606  cc,  the  feminine  1507;  also  of  Lozere,  mascultfl 
1578,  feminine  1473;  crania  from  the  pietra  levigata^  masculiii 
1 53 1,  feminine  1320;  the  contemporaneous  Parisians,  masculisi 
1559,  feminine  1337.  The  approximate  average  of  crania  froi 
the  pietra  levigata  is  1560,  equal  to  that  of  modem  Europeans,  % 
is  related  by  Topinard.*" 

In  another  of  my  recent  works  I  have  demonstrated  that  of  th 
crania  of  the  neolithic  age*  the  Isobathyplatycephalus  has  a  caps 
city  from  1230  to  1405  in  the  feminine,  and  the  Eucampylos  varic 
from  1470  to  1564  in  the  masculine.  The  two  varieties,  still  pet 
sistent  in  Sicily,  do  not  vary  in  capacity  in  the  modem  series,  am 
at  the  same  time  show  that  in  the  neolithic  epochs,  as  amoin 

'  Concerning  the  Primitive  Inhabitants  of  the  Mediterranean^  Archives  C 
Anthropology,  Florence,  1892,  Vol.  XXII. 

•  See  Human  Evolution, 

•  Crania  of  the  Neolithic  Age,  Boll.  Palctnol.  Italiana,  Parma,  1892. 
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modem  poptilations,  large  and  small  varieties  are  found,  just  as 
the  same  types  are  now  foimd  through  persistence  of  forms. 

From  this  it  is  evident  how  much  there  is  to  reform  in  anthro- 
pology when  we  study  by  natural  methods  facts  until  the  present 
misinterpreted,  respecting  the  classification  as  well  as  the  physical 
and  psychological  characteristics  of  man  in  time  and  space.  Per- 
haps in  the  future,  when  we  know  all  cranial  forms  by  natural 
classification,  it  will  be  possible  to  find  a  correspondence  of  psy- 
chological characteristics  in  populations  according  to  the  pre- 
dominance or  superiority  of  types,  a  fact  which  has  until  now 
escaped  research,  because  the  capacity  of  the  cranium  in  its  abso- 
lute sense  is  not  in  correlation  to  the  development  of  the  mental 
functions,  notwithstanding  what  is  commonly  affirmed.  The 
reform  is  urgent,  but  a  natural  method  should  be  employed,  and 
that  is  my  purpose. 


PART  SECOND. — Method  and  Classification. 

I. 
Varieties. 

The  greatest  variation  in  a  series  of  human  crania  cannot  be 
distinguished  by  an  untrained  eye;  anatomists  continually  accus- 
tomed to  the  study  of  the  human  skeleton  and  scholastic  demon- 
strations do  not  at  first  discover  the  salient  points  of  diflference 
among  crania,  their  attention  being  distracted  by  observing  the 
single  parts  of  which  they  are  composed,  the  canals,  depressions 
and  minor  details,  and  does  not  grasp  the  complex  form  of  the 
entire  cranium.  There  are  two  different  kinds  of  observations: 
one  is  useful  in  examining  the  development  and  normal  condition 
of  the  cranium;  the  other  serves  for  the  classification  of  forms, 
and  it  is  this  last  method  of  inquiry  which  I  am  about  to  consider. 

The  distinctions  of  forms  depend  in  the  first  place  on  the  com- 
parison of  different  crania.  They  should  be  placed  upon  a  table 
and  compared  in  every  direction.  Little  by  little  a  useful  habit 
and  keen  eye  are  acquired,  by  means  of  which  the  slightest  varia- 
tions are  detected,  so  that  the  similarity  of  fundamental  character- 
istics can  be  seen  among  great  differences  which  at  first  appear 
absolutelv  dissimilar. 
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The  practical  method  which  I  have  already  adopted,  for  m 
others  who  wish  to  make  use  of  it,  is  that  of  placing  the  scfi 
crania  in  order  and  in  an  equal  row  upon  a  large  table,  th< 
time,  if  possible,  of  the  same  color,  intact,  that  is,  without  h 
been  sawed  to  extract  the  brain,  without  the  lower  jaw,  and  \ 
fore  upon  a  single  plane,  each  placed  upon  its  base.  Differet 
color,  the  line  which  divides  a  cranium  sawed,  an  inequality  i 
table,  may  alter  the  positions  of  the  forms  or  render  the  disa 
of  similarities  and  differences  more  difficult 

When  familiarity  with  the  forms  has  once  been  acquired,  \ 
of  the  conditions  become  superfluous,  and  then  an  isc 
cranium  is  classified  without  the  necessity  of  a  comparison,  at 
in  the  forms  which  are  common. 

After  various  and  attentive  observations  and  continuous 
parisons,  it  is  necessary  to  form  groups  of  crania  which  sec 
have  common  characteristics.  Formed  in  groups,  each  group 
be  separately  analyzed  in  every  component,  in  order  to  reco 
common  and  diverging  characteristics;  if  these  last  are  ma 
separate  the  groups  into  subgroups,  noting  the  individual  c 
ences  which  must  necessarily  exist 

Formed  in  groups  and  subgroups,  one  typical  craniu 
selected  for  each  group  or  subgroup,  and  its  likeness  is  t 
ferred  by  drawing  a  free-hand  outline,  by  placing  the  crai 
itself  upon  paper,  or  by  means  of  a  camera,  and  finally  the  vo 
is  reduced,  or  rather  the  linear  magnitude,  to  a  third  or  half, 
ing  this  reduction  equal  in  all  the  crania  which  are  desi| 
Drawing  has  the  very  great  advantage  of  revealing  the  1 
curves,  which  are  not  immediately  observed,  and  demonsi 
characteristic  differences  very  easily.  In  case  of  doubt  con 
ing  certain  forms  which  seem  similar,  it  is  well  to  place  the 
files  one  above  another,  in  order  readily  to  observe  similaritie 
differences,  whether  apparent  or  real,  profound  or  superfid 

The  following  are  additional  rules:  Distinguish  the  crania  ¥ 
compose  the  groups  according  to  sex,  because  sexual  diffen 
should  not  impair  or  alter  the  types  under  which  the  cranii 
classed,  nor  should  another  type  be  made  on  account  of  chan 
istics  which  are  merely  sexual.  The  observer  should  be  traiiu 
discover  the  sexes  of  crania  and  sexual  characteristics 
tinctly  and  clearly.    When  the  groups  are  formed,  the  a 
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joW  be  adult,  though  when  special  conditions  permit,  those  of 
can  be  added     >'       '     ild  bear  in  mind  tliat  tlie  forms  of 
ktfae  btier  are  never  deci'      ,  /    t  as  they  are  not  permanent.     The 
of  the  sutures  and  of  normal  or  abnormal  development 
taken  into  account,  because  abnormal  development,  as 
*thc  partial  arrest  of  development,  may  profoundly  alter 
fornis;  exclude*  therefore,  all  pathological  crania  when 
f|lw  paUiologtcal  condition  is  apparent,     I  have,  however,  been 
to  observe  and  will  demonstrate  in  a  future  work'  that  crania 
10  persons  of  enfeebled  mind,  in  spite  of  various  alter- 
pTcscrv*  ical  fomis  and  are  recognizable  without 

^fiSoadty  by  Ih*  ,    i  ienced  in  the  method  and  classes  of  forms. 

The  examination  of  the  cranium  must  begin  with  the  well- 
narma  i^trHcalis  of  BlumenbacK  that  norma  from  which, 
\m  ttsm^  Setzros  derives  the  index  of  the  width.     It  should  furnish 
IDS  Ae  fint  form  or  the  first  characteristic  for  classification.    When 
^vertical  line  is  undecided,  or  cannot  be  reduced  to  a  normal 
ibcn  the  norma  lateralis  must  be  observed  in  order  to  ascer- 
tbc  first  characteristic;  it  may  also  happen  that  the  lateral 
verticalis  so  profomidly  that  it  may  be  pre- 
't-   -      .     .   uiat  it  may  have  a  characteristic  much  more 
aenl  and  more  easily  distinguished  tlian  tlie  vertical;  in 
it  should  have  the  fir^t  place.     It  may  also  happen 
characteristic  may  be  more  decided  and  more  marked, 
it  the  preference,  and  such  a  characteristic  may  be  visible 
"  s  or  norma   facialis;  this  should  then  be 

t  ^        aacteristic  for  distinguishing  varieties. 

Let  us  now  consider  those  characteristics  which  should  separate 

'rod  classify  ^  according  to  the  natural  method,     I  begin 

with  the  f'ji        ^    jn  by  the  norma  vertkalis,  as  they  are  those 

Ivhich  are  easily  distinguished  and  can  be  in  great  part  reduced  to 

feotne^ical  figures. 

lit  EuJPaoia  {rllipsaiiirs)  (Fig,  2). 

We  win  call  tUipsmd  a  cranium  which  in  the  norma  verticalis 
preaenu  ^n  elliptioi]  contour,  as  in  the  figure  reproduced,  taken 
iraai  tii&  and  which  I  insert  in  the  i>arallelogram  in  order  to  show 
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its  regtdarity  and  demonstrate  how  the  exterior  outline 
izes  with  the  lines  which  surrotind  it  Ellipsoid,  or' 
similar  name  is  adopted,  signifies  a  body  which  has  a 
similar  to  an  ellipsis.  Such  an  elliptical  form,  vexy 
among  varieties  of  crania,  necessarily  has  all  the  p 
rounded  ofT,  the  occipital  is  never  flat,  and  the  par 
tuberances  are  always  slight,  or  do  not  exist;  the  transvi 
of  the  norma  verticalis  or  cranial  arch  is  moderately  or 
convex. 


Fia  2.— Ellipsoioes. 

A  form  of  this  kind,  considered  only  as  norma  vej 
subject  to  variations  in  length  and  width;  hence  it  may  t 
and  wide  ellipsis,  br achy  ellipsoid  {brachyellipsaides),  a 
or  a  narrow  one,  dolichellipsoid  or  stenellipsaid, 

2d.  Pentagonoid  (Jfentagonaides)  (Fig.  3). 

Figure  3  shows  a  pentagon  of  unequal  sides,  but  syn 
into  which  is  inserted  a  cranial  form  corresponding  to  i 
live  sides,  but  with  rounded  angles,  of  which  the  most 
which  is  cut  off,  is  that  which  corresponds  to  the  ocdp 
In  this  cranial  type  the  parietal  protuberances  are  poi 
often  with  comers  definite  and  acute;  from  these  point 
the  frontal  there  is  a  gradual  narrowing,  and  so  also  ton 
occipital;  but  with  this  difference,  that  while  from  th 
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protuberances  forward  this  narrowing,  which  forms  the  two  sym- 
ixKtrical  sides,  is  maintained  almost  at  the  same  level  as  the  cranial 
arch,  the  level  from  the  parietal  protuberances  to  the  occiput 
becomes  oblique  and  descends  to  form  the  angle  of  the  pentagon. 


/ 


Fia  3.-PENTAOONOIDE8. 


This  obliquity  is  very  evident  when  seen  from  the  norma  verti- 
alis  (Fig.  4). 


FiQ.  4.— Pentaqonoides. 

The  variations  which  the  pentagonal  norma  verticalis  may  pre- 
sent are  as  follows: 
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1st.  The  comers  are  acute  or  obtuse;  whence  a /^ 
acutus  and  obtusus  :  the  anterior  part  of  the  cranium,  d| 
two  sides  which  reunite  the  parietal  to  the  frontal  protfl 
can  be  longer  or  shorter  than  usual;  there  will  then  bl^ 
gonmdes  oblongus  or  a  brachypentaganaides,  ''^ 

\ 
3d.  Rhomboid  {rkomboides),  \ 

The  rhomboidal  fomi  of  the  norma  verticalis  (Fig.  5)  i 
change  with  .the  pentagonal  form,  because  the  most  dial 
difference  consists  in  the  suppression  of  the  one  side  coi 
ing  to  the  frontal  width. 


FiQ.  5.— RHOMBOIDE8. 

This  side  is  very  short  in  the  rhomboidal  figure  of  the 
when  considered  in  relation  to  the  biparietal  width  of  1 
protuberances  are  very  distinct  and  pointed;  so  the  occ^ 
jection  is  still  more  acute  on  accoimt  of  the  greater  con 
of  the  two  posterior  sides.  In  this  variety  the  cranium  i 
in  the  sagittal  line,  low  in  relation  to  its  width  and  leng< 
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Of  this  singular  form  I  have  so  far  found  two  variations  dis- 
tinguishable by  the  norma  verticalis:  ist,  the  australensis,  of  which 
I  give  the  type  in  Fig.  5 ;  and  2d,  the  brachyrhombaides 
oigyptiacus^  shorter  and  wider  than  the  preceding. 

X.  B.  That  these  forms  are  often  found  in  infantile  crania  is  a ' 
fact  worthy  of  attention. 

4th.  Ovoid  (ovaides).  This  form  (Fig.  6)  is  distinguishable  only 
by  the  norma  verticalis.  The  enlargement  of  the  cranium  is  at 
the  parietals  at  about  a  third  of  their  entire  length  and  posteriorly. 
The  occiput  terminates  at  the  large  apex  of  the  tggy  while  the 
second  apex  is  represented  by  the  frontal.  The  cranium  has  sym- 
nietrical  curves;  the  arch  is  not  always  very  convex  and  may  have 
a  transverse  curve,  slight  and  easy. 


•  ,        FlQ.  6.— OVOIDES. 

The  ovoid  cannot  be  confused  with  the  pentagonoid,  because  it 
has  no  sides,  nor  apparent  comers,  nor  has  it  the  occipital  obli- 
quity which  forms  the  posterior  part  of  the  two  posterior  sides  of 
the  pentagonoid. 

The  *•  Sardinian  ovoid,"  which  I  have  described  and  named 
sardiniensis,  diverges  a  little  from  this  type;  the  enlargement  of 
the  parietals  is  situated  a  little  in  advance  of  that  in  the  type 
described,  and,  besides,  the  ovoidal  appearance  is  also  perceived 
in  the  norma  lateralis. 
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5th.  Sphenoid  (sphenoidei). 

The  cranium  represented  in  Fig.  7,  which  I  name  **  spta 
from  the  Greek,  is  cuneiform.    The  characteristics  of  this  tj 


. 


Fia  7.— SPHEN01DE8. 


very  evident;  the  biparietal  enlargement  of  the  cranium  is  far 
and  there  is  a  gradual  and  sensible  reduction  in  width  fron 


Fia  8.— Sphenoides  Stenometropus. 

tmusually  large  extension  as  far  as  the  frontal.  The  oa 
part  is,  therefore,  either  level  and  vertical,  or  rounded,  withou 
tuberance. 
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This  form,  seen  in  the  norma  verticalis  only,  is  subject  to  many 
variations,  preserving,  however,  the  characteristics  which  clearly 
distinguish  it  from  others.  I  add  some  of  the  most  common 
forms  which  I  have  found  and  classified. 

!•  Sphenaides  stenometrapuSy  that  with  a  narrow  forehead  and 
generally  a  small  capacity.  This  type  is  very  common  in  the  Medi- 
terranean (Fig.  8). 


FlQ.  9.— SPHENCNOES  ROTUNDU8. 

2.   Spfunaides  rotundus  (Fig.  9),  which  is  larger  and  wider  than 


FlQ.  10.— SPHEN0IDE8  LaTUS. 

the  former,  and  has  the  elevations  rounded  oflf,  especially  in  the 
occipital  part,  which  is  globular. 
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3.  Sphenoides  latus  (Fig.  10).     This  is  much  wider  in  its  biparie- 
tal  expansion  and  is  short    It  has  the  occipital  smooth  and  per- 


FiQ.  1 1  .—Sphenoides  Latus. 


pendicular,  the  parietal  prominences  acute,  the  comers  evident 
and  the  sides  flat;  observed  laterally,  this  type  appears  cuboid 
(Fig.  II). 


FiQ.  1 2.— Sphenoides  Meqas. 


This  is  the  characteristic  type  of  the  Kourgans  of  Russia,  and 
for  that  reason  I  have  called  it  kurganicus. 
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4.  Sphenaides  megas  (Fig.  12),  the  largest  which  I  have  found. 
It  is  also  distinguished  in  the  norma  verticalis  by  a  certain  con- 
vexity in  the  sides  of  the  cranium  and  by  the  posterior  rotundity. 
This  type  is  also  obtained  from  the  Kourgans. 

5.  Sphenaides  oblongus.  I  so  name  that  sphenoid  which  has  a 
marked  distance  between  the  greatest  biparietal  width  and  the 
bifrontal  line.    This  type  is  opposed  to  the  laiuSy  which  is  short 

6th.  Spheroid  (sphaeroides). 

The  general  character  of  this  cranial  form  is  the  rounding  of  the 
frontal,  parietal,  parieto-occipital  and  the  inferior  or  basal  parts  of 
the  occiput  itself,  by  spherical  curves. 

The  cranium  is  relatively  wide  and  short,  the  forehead  and 
frontal  large,  the  cranial  arch  widely  convex,  the  occiput  without 
protuberance,  but  rounding,  the  base  wide  (Fig.  13). 


Fio.  1 3— Sphaeroides. 


I  have  already  distinguished  three  principal  forms  of  the 
>plKToid,  visible  from  the  norma  verticalis. 

1st.  Sphaeroides  proper,  which  we  also  find  subdivided. 

2d.  Sphaerotoccphalus,  which  diverges  by  having  a  forehead 
wider  but  slightly  retreating,  following,  therefore,  the  spheroidal 
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as  far  as  the  coronal  curve,  and  which  as  a  whole  beConu 
even  in  its  curves  than  the  typical  spheroid  proper. 


FlQ.  14.— 8TRONQYLOCEPHALU8. 


3d.  Strongylocephalus.  This  type  differs  in  that  it  has  a  ns 
ng  in  its  sphenoidal  fossae,  visible  in  Fig.  14,  so  that  the  sph 
part  of  the  cranium  is  that  which  remains  back  of  this  narro 


Fio.  1 5.— Stronqylocephalus. 


Fig.  15  shows  also  very  well  the  frontal  narrowing  in  its  ten 
lines,  while  the  transversal  curve  is  clearly  spheroidal. 
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7th.  BiRSOiD  (byrscides)  (Fig.  i6). 

The  apparent  form  of  this  cranial  type  is  an  ovoid,  which  is 
removed  from  the  usual  form,  because  it  has  a  rather  large  biparie- 
tal  expansion,  which  does  not  terminate  at  the  apex  of  the  t,%%y 
but  is  rounded  off;  moreover,  the  curves,  which  are  directed  from 
the  larger  to  the  frontal  expansion,  are  concave,  with  dilatation  of 
the  frontal  line.  Thus  this  form  seems  to  be  that  of  an  elongated 
purse,  the  opening  of  which  is  found  at  the  bifrontal  line  and  the 
bottom  at  the  expansion  of  the  parietal  curves,  whence  the  name 
of  byrsaides  (like  a  purse). 


Fig.  16.-BYR80IDES. 

r)bscrved  from  the  side,  the  birsoid  presents  a  superior  plane; 
it  is  low,  with  the  occipital  rounding,  but  protuberant. 

In  its  norma  verticalis  I  have  observed  a  variation  among  the 
birsoids  of  ancient  Egypt,  one  with  a  smaller  biparietal  expansion. 
The  cranium  of  this  variety  is  large. 

The  seven  forms  which  have  been  described  are  lecognizable 
by  the  norma  verticalis.  The  following  are  those  in  which  the 
vertical  is  insufficient,  uncertain  or  can  be  easily  confounded  with 
others  which  are  different.     Among  these  the  following  are  found: 
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8th.  Parallelepipedoid  (J>arallelepipedaide£), 

Figures  17  and  19  represent  a  Sardinian  type.    The 
line  has  a  slight  swelling  in  the  posterior  part,  and  does  no 
the  exact  image  of  the  form  with  parallel  lines,  while  the 
line  corresponds  to  its  name  more  closely.    This  form  has' 


Fia.  1 7.— Parallelepipedoides 
Sardin. 


FlQ.  1 8.— PARALLELEPIPEOfl 
KURQANICUi 


arch,  vertical  forehead,  smooth  occiput,  and  the  base  leveled; 
narrow,  long,  low,  with  smooth  sides  and  evident  comers,  n 
makes  a  geometrical  form. 


FiQ.  1 9.— Parallelepipedoides  Sardin. 

Figure  18  r^rtstnt^  ?l  parallelepipedaidlrom  the  Russian  1 
gans.  It  appears  very  clear  by  the  parallel  lines  of  the  twoi 
its  length  and  regularity. 
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This  form  is  not  very  common,  and  can  undergo  variations  in 
the  norma  verticalis,  that  is,  can  be  larger  in  the  transverse  diame- 
ter, and  hence  relatively  shorter;  it  is  always  low  in  the  norma 
bteralis  and  through  its  entire  length. 

gth.  Cylindroid  {cylindr aides). 

If  the  rounding  of  the  comers  and  the  sides  of  the  parallel- 
epipedoid  renders  it  more  convex,  there  is  the  "  cylindroid,"  which 
is  long,  narrow,  low,  like  the  first,  but  rounded  all  around.  There- 
fore the  forehead  is  lower,  retreating  (Fig.  20),  and,  seen  from  the 
vertical,  the  occiput  is  narrow  (Fig.  21);  this  occurs  in  the  types 
here  given,  of  which  one  (Fig.  21)  is  from  Latium,  the  other  from 
the  Russian  Kourgans.  Such  a  form  is  rather  rare,  as  is  also  the 
parallelepipedoid. 


FkJ.  2O.-CYLINDROIDES, 


FlQ.  21— Cylindroides. 


loth.  Cuboid  {cubaides). 

The  cranium  resembling  a  cube,  has  the  arch,  the  occipital,  and 
the  sides  smooth,  and  possibly  the  forehead,  which  is  almost 
al^-ays  vertical,  at  least  in  the  small  cuboids.  One  cubical  form, 
which  approaches  nearer  to  its  typical  name,  has  the  vertical  line 
about  corresponding  to  a  quadrilateral,  a  little  elongated ;  but  we 
know  that  the  anterior  is  always  narrower  than  the  posterior  part 
of  the  cranium.    As  a  rule,  such  a  cranial  form  is  more  visible 
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from  the  norma  verticalis  (Fig.  22)  and  from  the  posteric 
23).  The  characteristic  of  the  norma  occipitalis  is  espe 
the  height  is  almost  always  equal  to  the  width;  hence  we 
the  true  cubical  form  from  the  side,  this  presenting  a  sup 
of  the  cube. 


FiQ.  22.— CuBOiDES  Parvus. 


Fia  23.— CUB01DE8  Pah 


Figure  24  represents  a  cubaides  magnus  (from  the  Koui| 
while  Figs.  22  and  23  reproduce  ^cubaides parvus  of  Sardt| 


FlQ.  24.— CUBOIOES  Maqnus. 


Masculine  cuboids  may  be  found,  especially  large  onei^ 
retreating  foreheads  and  frontal  sinuses  large,  and  diflFering. 
the  type  Fig.  24. 
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The  forms  which  follow  are  determined  especially  by  the  norma 
lateralis;  first  of  all  is  the 

nth.  Trapezoid  {trapezaides). 

The  two  parallel  sides  of  the  trapezium  here  correspond  to  the 


FlQ.  25.— Trapezoioes  Sardiniensis. 

arch  and  the  base  of  the  cranium  (Fig.  25),  the  two  sides  not 
parallel  arc  the  sloping  of  the  forehead,  and  the  occiput  more  or 


Fio.  26— Trapezoides  Africus. 

le-^s  oblique.  The  type  which  I  show  is  the  trapezoides  sardhiien- 
sis,  a  small  microcephalous  cranium.  One  important  variation 
of  the  trapezoid  is  that  which  I  have  called  African   (africus), 
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which  I  have  obtained  from  Harar,  and  which  I  have  seen  agai 
Russia,  especially  in  the  Government  of  the  Chersonestis. 

The  Sardinian  type  is  disting^shed  by  being  higher  in 
back,  wider  in  the  norma  verticalis,  and  relatively  short  (Fig. 

In  order  to  recog^nize  this  form  it  is  necessary  to  know  that 
greater  height  of  the  cranium  is  at  the  back,  and  thence  ther 
a  perceptible  sloping  towards  the  forehead,  which  is  low. 


Fia  27— AcMONOiDES  (Tver). 


occipital  is  raised  on  an  inclined  plane,  very  sloping,  while  the  b« 
of  the  cranium  does  not  rest  upon  the  same  plane  through 
entire  length. 


FlQ.  28.— ACMONOIDES  8ICULU8. 


1 2th.  AcMONOiD  (acmonoides)  (Figs.  27,  28). 

It  is  not  difficult  to  distinguish  this  variety  with  its  anvil-like  fori 
Once  seen,  it  becomes  impressed  on  the  memory  by  the  singularil 
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of  its  shape.  A  long  cranium,  the  norma  verticalis  not  elliptical 
nor  ovoid,  because  the  sides  are  straight,  a  slight  swelling  of  the 
parietal  protuberances  situated  very  far  back,  and  the  occipital 
resembling  a  quadrang^ar  pyramid,  leaning  slightly  on  its  cranial 
base.  The  cranium  is  high  on  the  side,  the  forehead  vertically 
incfined,  but  a  little  elevated;  the  arch  is  on  the  horizontal  plane, 
abruptly  inclined  at  the  summit  of  the  occipital  pyramid,  the 
extremity  or  protuberance  of  the  occipital  level.  It  has  quite  a 
large  c^)acity.  The  types  given  here  are  derived  (Fig.  27)  from 
the  Russian  Kourgans,  (Fig.  28)  from  modem  Sicily. 


FW.  29— LOPHOCEPHALUS 


FlQ.  30— LOPHOCEPHALUS. 


13th.  LoPHOCEPHALic  (lophocephulus)  (Figs.  29,  30). 

This  variety  has  a  conspicuous  trait  not  seen  from  the  norma 
verticalis  nor  norma  lateralis,  but  from  the  norma  facialis  and  the 
norma  occipitalis.  This  is,  as  shown  in  Figs.  29  and  30,  the  median 
eminence  extending  from  the  forehead  to  the  sagittal.  This  emi- 
nence, which  I  call  lophus  {lophos),  and  which  is  described  by 
other  anthropologists  as  ^  crania  with  the  arch  of  the  backbone  of 
an  ass."  or  •*  arch  like  the  keel  of  a  ship,"  commences  in  the  upper 
part  of  the  frontal,  at  the  place  where  the  frontal  curve  first 
becomes  horizontal.  It  is  an  elevation  of  the  median  portion, 
with  lateral  depressions  amounting  to  a  slight  concavity,  which 
reaches  the  coronal,  the  highest  part  of  the  eminence  and  surpasses 
it,  invading  the  sagittal,  where  it  terminates  at  the  apex  of  the 
triangle,  gradually  disappearing. 
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This  variety  I  have  described  among  the  crania  of  Melanesia, 
and  the  type  which  I  give  is  from  there;  but  it  is  not  limited  to 
that  region  and  presents  certain  variations. 

14th.  Chomatocephalus  {chomatocephalus)  (Fig.  31). 

We  call  "tumulus-like"  (chomo)  that  cranium  which  is  ele- 
vated like  a  hill  upon  a  horizontal  plane  passing  through  the  orbital 
arches.  It  is  not  spherical,  and  slopes  almost  equally  on  all  sides, 
starting  at  the  summit  of  the  cranial  arch,  which  is  much  elevated, 
as  seen  in  Fig.  31.  Such  a  cranial  arch  may  not  always  be  regu- 
lar in  its  inclinations,  nor  perfectly  symmetrical,  and  not  like  a 
hill  or  gradual  elevations  of  land,  but  should  resemble  a  high  ele- 
vation, and  be  almost  disproportionate  to  the  face.  The  type  pre- 
sented is  from  Melanesia.  It  is  large,  with  a  large  capacity;  there 
are  also  smaller  and  different  types,  both  in  the  same  region  and 
elsewhere. 


FiQ.  31.— Chomatocephalus. 


Fia  32.— Platycephalus. 


15th.  Platycephalic  (^platycephabis\ 

Platycephaly  usually  concerns  the  arch  of  the  cranium  only. 
It  is  flat,  in  a  relative  degree  to  the  usual  convexity.  In  fact  it  is 
a  curve  of  the  cranial  arch  which  resembles  aa  arc  of  a  circle  with 
a  large  radius;  the  platycephalic  forms  will  be  distinguishable  in 
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proportion  as  this  idea  is  considered.  As  a  rule  the  cranium  is 
also  wide  in  its  transverse  diameter,  and  hence  it  is  also  relatively 
short  as  seen  in  the  brachycephalic,  Figs.  32,  33  and  34.  Fig.  32, 
wiiich  is  the  profile  of  an  Italian  cranium,  resembles  strongly 
Fig.  33,  which  is  a  Russo-Kourgan;  Fig.  34  is  the  norma  verticalis 
of  the  latter  and  shows  its  relative  width. 


Fio.  33— Platyceph.  Boodanovii. 


Fia  34.— Platyceph.  Boodanovii. 


This  characteristic  is  so  evident  and  so  much  a  part  of  the 
cranial  form,  to  which  a  pathological  signification  has  been  erro- 
neously attributed,  that  it  alone  is  sufficient  to  constitute  a  distinct 
\-aricty.  It  is  easy  to  distinguish  a  cranium  by  such  a  characteris- 
tic without  directly  considering  the  norma  facialis  or  norma  occi- 
pitalis, and  hence  it  is  a  good  characteristic  for  classification. 
.\mong  plat>'cephalous  forms  there  is  one  which  is  prominent  on 
account  of  the  unusual  lowness  of  the  arch,  besides  being  very 
flat  It  presents  a  small  forehead  and  a  general  depression  of  the 
cranium  from  the  orbital  apophysis  to  the  superior  plane.  The 
top  of  the  cranium  resembles  a  flat  cake  or  a  bun,  whence  the 
name  placuntaides  which  I  have  g^ven  to  it,  that  is,  the  form  of  a 
flat  cake  (Fig.  35).  There  are  also  platycephali  with  narrow  fore- 
heads, which  I  will  consider  later. 
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i6th.  Skopeloid  {skopelaides)  (Fig.  36).  \ 

The  form  which  I  call  "  rock-like  "  (skapelos)  is  very  i 
It  has  a  summit  on  the  posterior  part  of  the  cranium  whi^ 
from  every  side,  and  at  the  occiput  descends  rapidly  to  tfj 
The  cranium  is  large,  wide  at  the  base,  with  a  narrow  fiof 
and  the  frontal  slightly  sloping,  following  the  inclined  pladi 
posterior  summit 


Fio.  35— Placuntoides. 

This  form  is  difficult  to  describe,  and  Fig.  36  gives  an  ins 
idea  of  it. 


FiQ.  36.— Skopeloides  Samniticus. 
Of  this  variety,  so  characteristic  and  quite  common  in  J 
I  have  seen  some  which  are  microcephalous,  in  Samos  an 
wise  in  the  Russian  Kourgans,  although  there  very  rare. 
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The  sixteen  human  varieties  above  described  I  have  deter- 
mined, after  observations  of  more  than  3500  crania,  principally 
from  the  Mediterranean,  prehistoric  tombs,  and  modem  Russia, 
the  crania  of  the  Kourgans,  and  from  some  ancient  cemeteries  in 
Moscow  and  the  Chersonesus,  and  from  Melanesia,  I  can  affirm 
nothing  of  the  entire  number  of  human  varieties,  nor  of  their  dis- 
tribution, before  making  new  and  direct  personal  observations  in 
the  rest  of  Europe  and  in  other  parts  of  the  world ;  I  wait  in  confi- 
dence and  with  the  earnest  desire  of  making  such  observations. 
I  affirm  with  some  personal  satisfaction  that,  as  regards  the  new 
anthropological  method,  I  have  surmounted  its  uncertainties. 
The  number  of  varieties  has  been  much  reduced,  and  they  are 
separated  by  definite  and  recognizable  characteristics. 

I  cannot  affirm  that  new  varieties  may  not  be  found  even  in  the 
Mediterranean  field,  where  I  have  chiefly  extended  my  researches. 
If  they  should  be  found  they  would  be  few,  and  probably  brought 
from  other  localities. 


11. 

Subvarieties. 

Though  the  number  of  varieties  which  I  have  until  now  deter- 
mined in  the  Mediterranean  and  Russia,  together  with  some  from 
Melanesia,  is  limited  to  sixteen  only,  the  subvarieties  are  much 
more  numerous.  Subvarieties  should  first  of  all  preserve  the 
characteristics  of  the  variety  of  which  they  are  a  variation,  and 
should  have  some  other  characteristic,  which  must  not  be  transi- 
tory and  individual,  but  fixed  and  hereditary.  Groups  of  sub- 
varieties  must  constitute  real  groups;  the  variety  is  the  principal 
denomination  of  characteristics  common  to  many  subvarieties, 
which  add  to  the  primary'  or  dominant  characteristic  one  or  several 
new  characteristics  which  separate  the  subvarieties  from  each 
other,  as  the  following  scheme  exhibits: 

\'ariety:  A. 

Subvariety  :  A  -|-  a»  A  +  b,  A  +  c,  A  -|-  d,  and  so  on. 

W  hile  the  characteristic  A  gives  the  name  to  the  variety,  the 
less  general  characteristics  a,  b.  c,  d  give  the  subvarieties  of  A. 
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The  same  relation  is  found  in  the  animal  kingdom  betw* 
genera  and  species,  or  between  species  and  varieties;  in  the  f 
place,  the  universal  characteristics  of  the  genus  are  limited 
those  of  the  species;  in  the  second,  those  of  the  species 
restricted  by  those  of  the  varieties,  and  those  of  the  variety  by 
subvarieties.    I  have  above  stated  that  while  in  my  opinion 
name  of  variety  is  general  in  its  meaning,  and  therefore  a 
provisional,  it  may  remain  definitive  by  further  study  and  assu 
a  fixed  signification.     DiflFerent  results  may  be  reached,  but 
classification  will  remain  unaltered,  because  the  characteris 
will  continue  stable  and  the  method  unchanged. 

In  determining  the  characteristics  of  numerous  series  of  craj 
and  in  arranging  groups  of  one  variety,,  another  plan  occurred 
me,  that  of  finding  characteristics  which  separate  a  subvari 
into  groups  of  a  third  order,  meaning  by  a  group  of  the  ist  or 
the  variety;  then  we  shall  have  a  plan  like  the  following: 

1st  Variety:  A. 

2d.  Subvariety  :  A  +  a,  A  +  b,  A  +  c,  etc. 

3d.  Sub-subvariety :  A+a  +  a,  A  +  a  +  /9,  A+a  +  y-. 

The  characteristics  a,  ^,  y  are  not  transitory;  they  are  stable,  a 
on  this  account,  of  the  same  type  as  those  which  distinguish 
subvarieties  a,  b,  c,  etc. 

It  is  easy  to  answer  an  inquiry  as  to  the  manner  of  disting^ 
ing  these  characteristics:  individual  variations  are  not  repeat 
and  they  therefore  do  not  occur  in  many  individuals,  tmless  zx 
dentally;  not  only  do  they  cause  little  divergence  from  the  typi 
forms,  they  constitute  oscillations  of  the  same  form  recogniza 
as  such.  It  is  not  so  with  the  characteristics  of  subgroups  of 
2d  or  3d  order;  they  alter  the  fundamental  form  in  some  part,  i 
are  repeated  in  groups  composed  of  several  individual  elements 

We  have  seen  how  we  may  determine  varieties,  which  in  a  gi 
measure  assume  geometrical  forms  and  receive  correspond] 
names,  because  of  their  approximation  to  bodies  with  well-kno 
geometrical  characters.  We  have  also  seen  that  we  can  determ 
the  form  of  this  irregular  body,  the  brain,  either  by  the  vertical 
lateral  norm,  or  in  some  cases  by  the  anterior  or  posterior  asp4 
Besides  the  normae  which  determine  the  variety,  there  rem 
other  normae  which  have  various  characters,  and  can  theref 
complete  the  craniological  type  or  show  its  variations  beyond  ' 
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primary  character  which  places  it  in  a  given  variety.  An  ellip- 
soid, regarded  vertically,  may  have  different  normae  laterales,  at 
the  same  time  remaining  an  ellipsoid;  it  may  also  have  other  char- 
acteristicsy  visible  from  the  norma  occipitalis,  which  make  it  vary 
from  another  cranium,  also  ellipsoid,  with  a  different  norma  occi- 
pitalis. There  may  also  be  variation  in  the  same  norma  which 
gives  the  fundamental  form;  for  example,  the  ellipsoid  (Fig.  38) 
is  shorter  and  relatively  wider  than  the  one  beside  it  (Fig.  37), 


FkL  37.— OOLICHCLLIPSOIOeS. 


FiQ.  38.— Brachyeuipsoides. 


which  is  therefore  a  "  dolichellipsoid,''  while  those  wide  and  short, 
like  Fig.  38,  we  may  call  "  brachyellipsoids."  Such  variations  of 
elliptical  forms  correspond  to  the  structure  of  the  cranium,  and 
therefore  constitute  subvarieties. 

Following  the  order  above  carried  out  in  the  varieties,  I  com- 
mence with  the  ellipsoid. 


I.  Ellipsoides. 

isL  EUips.  depressus. 

This  is  visible  from  the  norma  lateralis  and  also  from  the  norma 
anterior  (Fig.  39).  Cranium  low  from  the  vertex  to  the  occipital 
base,  as  if  crushed  in  every  direction  from  the  frontal  and  lateral 
sides,  and  therefore  with  a  narrow,  retreating  forehead,  of  curved 


! 


SO 
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form;  the  same  of  the  occiput.  This  curious  and  characi 
form  is  subject  to  variations  which  would  take  too  lojl 
describe  here. 


FlQ.  39.— ELLIPS.  DEPRES8U8. 

2d.  Ellips.  isopericampylus  (Fig.  40). 

Isopericainpylus  signifies  "with  equal  curves  all  around' 
character  of  this  subvariety  is  especially  that  the  form  is  hand 
and  perfect.  It  may  have  variations  in  the  form  of  the  < 
and  in  some  other  characters. 


Fig.  40.— Ellips.  Isopericampylus. 
3d.  Ellips.  embolicus. 

From  emboluSy  prow,  because  the  occipital  decline,  which 
mences  well  forward,  reaches  as  far  as  the  cranial  base,  and 
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a  projection  has  tlie  apparent  form  of  a  ship's  prow.  I  at  iirst 
called  this  form  embdaides  meridianoHs,  because  I  had  observed  it 
among  the  crania  of  Southern  Italy.    I  found  it  again  in  Russia 


Fio.  41.— Ellips.  Emboucus. 


among   the   Kourgan   crania,  among  Etruscan  crania,   ancient 
Roman,  and  finally  at  Novilara  (Pesaro)  in  tombs  perhaps  of  the 


Fia 43— Stenellips.  Hypsistegoides. 


Fa.  42— Stenellips.  Embolicus. 

5th  century  before  the  Christian  era. 

cranium  of  the  Kourgans  of  Tver. 


Fig.  41  is  the  profile  of  a 
This  cranium,  that  is,  this 
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cranial  form  with  definite  ellipses,  is  long  and  at  times  d 
200  mm.,  and  differs  in  width.  In  the  meridional  emboloi 
135-138  mm.,  but  in  others  is  below  130  mm.;  hence  the  ni 
steneUipsoides  etnbolicus  which  I  have  given  it,  as  in  the  cfi 
from  Novilara  which  I  have  shown  here  (Fig.  42). 

4th.  EUips.  hypsistegaides  (Fig.  43). 

This  form  is  visible  from  the  posterior  norma  of  the  en 
as  in  Fig.  43  (cranium  from  Novilara).  The  arch  is  const 
like  a  roof  in  the  example  here  given,  and  the  height  of  til 
nium  from  the  base  to  the  vertex  is  considerable.  The 
stegoid  varieties  also,  that  is,  with  a  roof-like  arch,  not  very 


FiQ.  44.— Ellips.  Corythocephalus. 

5  th.  EMips,  corythocephalus  (Fig.  44). 

**  Helmet-like  cranium,^'  high,  with  a  fine  curve  from  the 
head  to  the  occiput  as  far  as  the  base,  of  large  capacity,  and 
the  sides.  This  g^ves  it  the  appearance  of  a  helmet  I  foi 
first  among  ancient  Egyptian  crania,  whence  its  name  of  cug^ 
cus  ;  then  among  the  Kourgan  crania. 

6th.  Ellips,  epiopisthius.  That  is,  a  cranium  of  elliptical 
in  which  the  level  rises  from  the  frontal  towards  the  posterioi 
so  that  the  latter  appears  to  be  raised  (Fig.  45). 
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7th.  EMps.  scalenus.  The  efiiopisthtus  can  also  be,  as  in  this 
case,  scalenus,  a  rapid  obliquity  from  the  occipital  slope.  But  the 
eramo-scalenus  can  also  be  found  without  being  epiopisthius^  and 


/ 


FlO.  45.— EUIPS.  EPtOPI8THIU8. 

vice  versa.  These  two  characteristics  appear  separately  and 
together  in  other  varieties,  as  in  the  ovoid,  the  platycephalus,  and 
in  the  ellipsoidal  subvariety.  This  may  also  be  said  of  the  roof- 
like  form,  or  stegaid,  and  of  the  hypsistegoid. 


FiQ.  46.— Ellips.  Tetraqomalis. 
8th.  EUips.  tetragonalis  (Fig.  46). 
This  ellipsoidal  form  is  very  characteristic  in  its  norma  lateralis, 
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which  has  the  appearance  of  a  tetragon,  whence  its  name.  The 
cranium  is  high,  the  forehead  as  a  rule  erect,  the  occiput  perpen- 
dicular and  very  convex  and  depressed  at  the  sides.  It  may  be 
confused  with  the  cuboid  when  seen  only  from  the  norma  later- 
alis. But  I  must  now  omit  a  series  of  subgroups  and  limit  myself 
to  the  principal  forms. 
• 

II.  Pentagonoides. — With  regard  to  varieties,  I  have  distin- 
guished various  pentagonoids,  acuttis,  obtusus,  oblongus,  brachy- 
pentagonoides  ;  and  there  may  be  stegoids,  cristaH,  etc.  • 

III.  Rhomboides, — The  rhomboids  are  also  short,  brachy- 
rhomboides,  or  elongated  in  the  anterior  part,  oblongus, 

IV.  Ovoides, — Subvarieties  of  ovoids  are  found  with  wedge- 
like occiput,  cuneatus,  scalenus,  stegoides,  depressus. 


Fia  47.— Sphen.  Tetraqonus. 

V.  Sphenoides. — By  the  norma  verticalis  I  have  distinguished 
sphenoides,  stenotnetoptiSy  spk.  rotundus,  spelatus,  sph.  tnegas,  sph, 
oblongus;  an  important  subvariety  is  found  in  tetragonus  (Fig.  47), 
which  is  not  only  sphenoidal  in  the  vertical,  but  also  in  the  lateral, 
and  has  prominent  comers,  rendering  the  vertex  and  sides  plane. 

There  is  likewise  a  sphenoid,  cyrtocephcUus,  which  has  a 
convexity  extending  from  the  frontal  and  parietals  to  the  vertex, 
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itsembliog  a  protuberance,  though  not  so  pronounced  as  to  con- 
stitute a  crista  or  a  lophos  ;  if  these  two  characteristics  are  found, 
the  ifk,  is  cristatus  or  lophoides  (Fig.  48). 


Fio.  48.— Sphen.  CRI8TATU8. 


VI.  Sphaeraides, — I  have  given  the  principal  variations  of  this 
variet)',  that  is : 

a )  sphaerotocephalus  ; 

b)  sphaeraides,  hemisphaeroides  ; 
c\  strongylocepJialus  (see  above). 

VII.  Byrsoides, — So  far  I  have  only  found  one  variation  from 
the  siculus,  that  is,  the  aegyptiacus,  which  is  a  little  narrower  (see 
above). 

VIII.,  IX.,  X.  Parallelepipedaides,  Cylindroides,  Cubaides  (see 
varieties). 

XI.  Trapezoides. — I  have  already  distinguished  two  sub  varie- 
ties with  the  names  of  Trap,  sardiniensis  and  Trap,  africus. 
These  are  the  most  typical  and  commonest  variations;  in  my  cata- 
logue of  Russian  varieties  several  other  secondary  forms  are 
found,  of  which  the  commonest  is  trap,  rotundatus. 

There  is  a  subvariety  which  I  considered  during  my  first  obser- 
vations as  a  distinct  variety,  and  which  I  had  named  Pyrgoides, 
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a  cranium  resembling  the  form  of  a  tower.  This  cranium  is  also 
a  trapezoid,  but  it  is  larger,  the  occiput  is  high  and  perpendicular, 
so  that  the  vertex  of  the  cranium  coincides  very  far  back  with  the 
bregma.  It  is  large  enough  to  appear  spheroid,  the  anteposterior 
declivity  slopes  uniformly  from  the  back. 

I  preserve  the  name  Pyrgaides  for  such  forms  because  the 
occipital  looks  like  the  wall  of  a  tower,  high  and  quadrangular; 
but  I  consider  it  a  subvariety  of  the  trapezoid.  I  have  noticed 
variations  in  Pyrg,  ramanus.  The  type  in  Fig.  49  is  a  cyrtocepha- 
lus^  so  called  on  account  of  the  fronto-bregmatic  protuberance, 
a  rotundatus  on  account  of  the  truncated  comers  and  the  convex 
faces. 


FiQ.  49.— PYRQ01DE8. 


XII.  Actnonaides. — Of  this  sing^ar  variety  I  have  found  sub- 
varieties:  a)  siculuSf  which  is  the  typical  form  described;  b)  mega- 
lometopus^  or  having  a  large,  wide  forehead;  c)  obtusus,  on  account 
of  the  rounded  comers;  d)  stegoides,  on  account  of  the  roof-like 
arch ;  e)  subtilis,  because  narrower  than  the  type;  f)  proophyrocus^ 
because  it  has  prominent  frontal  sinuses  which  do  not  exist  in  the 
type. 

XIII.  Lophkephalus, — This  variety  offers  some  variations 
from  the  type  from  Melanesia  before  presented;  its  principal 
characteristic  does  not  consist  in  the  lophos^  but  in  the  cranial 
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f'vm  being  a  little  larger.  It  is  found  among  the  Kourgans 
<%  so);  the  width  is  greater  posteriorly,  and  the  lateral  parts 
more  convex,  loph,  kurganicus. 


FlQ.  50.— LOPHOC.  KURQANICUS. 

XIV.  Chomatocephalus. 

I  have  found  subgroups  with  the  following  characteristics : 

a)  Cham,  angulosus,  because  it  has  a  surface  with  angular  pro- 
jections. 

b)  Cham,  summus,  on  account  of  its  great  height. 

c)  Cham,  cristatus,  on  account  of  its  crest-like  summit. 

d)  Cham,   sphenoidalis,    for  its  wedge-like  form  as  observed 
from  the  norma  verticalis. 


XV.  Platycephalus. — The  varieties  with  most  subvarieties  are 
the  EUipsoides,  the  Sphenaides,  and  the  Platycephalus.  Of  the 
Platyc.  I  have  so  far  been  able  to  distinguish  22  varieties,  of  which 
several  also  have  subgroups,  as  the  Isobathyplatyceplialus,  which 
I  have  called  siculus  because  first  found  in  the  tombs  of  the  neo- 
lithic age  in  Sicily  (Fig.  51).     We  find: 

a)  Platyc.  cuneatus ;  b)  platyc.  humilus ;  c)  stenoinetopus ;  d) 
platyc.  brcuhymetopus;  €)  euryplatymetopus  ;  i)  platyc.  embolicus  ; 
g)  platyc.  ratundus  ;  h)  platyc,  scalenus,  and  so  on. 
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XVI.  Scopeloides, — A  common  form  in  Samos,  and  should  be 
more  sought  after, in  Italy. 


FlQ.  51.— ISOBATHYPLATYC.  SICULU8. 


In  ending  this  description  of  subvarieties,  at  present  limited  to 
those  of  the  sixteen  human  varieties  (and  which  I  consider  incom- 
plete in  number,  just  as  I  have  considered  incomplete  the  number 
of  varieties  of  the  Mediterranean  and  Kourgans  of  Russia,  where 
I  have  found  the  varieties  described),  I  should  add,  in  order  to 
complete  the  picture  of  subvarieties,  another  characteristic  of 
classification,  of  which  I  have  above  spoken,  the  volume  of  the 
cranium. 

As  I  have  said,  what  is  well  known  in  regard  to  other  animals 
occurs  in  man,  that  large  and  small  varieties  are  found,  both  in 
stature  and  in  the  volume  of  the  cranium,  and  these  differences  in 
size  and.  volume  are  not  indications  of  functional  superiority  or  of 
priority.  The  functions  of  the  brain  of  1200  gr.  can  be  just  as 
perfect  as  those  of  a  brain  of  1600  gr.,  and  it  is  known  that  not  all 
large  and  voluminous  brains  are  those  of  great  men,  nor  are  those 
of  inferior  or  commonplace  human  types  small.  I  have  found 
ellipsoids,  cuboids,  ovoids,  pentagonoids,  platycephali,  trapezoids, 
large,  medium,  and  small,  with  complete  and  perfect  structures 
in  the  large  as  well  as  in  the  small  and  microcephalic  varie- 
ties; for  this  reason  I  have  thought  it  wise  to  consider  types  of 
different  volume  or  cranial  capacity  as  subvarieties,  and  not  to 
confuse  the  capacity  of  one  with  another. 


■  M)  OIL 


I  have  iljio  fotsitd  that  certain  cranial  types  have  a  special  capa- 

'  wtich  does         *    '         to  anotlier  t>*pe.    Thus  the  trapezoids 

ra  small  caj-  n  elatto-  and  microcephalic,  and  never 

fjKccd  that  limit;  that  of  the  pyrgoids  is  greater;  the  stenocepliali 

bvei  small  capacity;  Uie  coritocephali  are  megalocephalic,  and 

M)  OIL 

I  have  adopted  the  words  megas,  magnus,  maximus  for  the 

and  larger  \'aricltes,  medius  for  the  medium,  and  fiarims 

I  tmarifs  for  the  small  and  smallest  varieties.     In  resfject  to  the 

o^BQty  when  measured,  we  may  practically  consider  muras  as 

fer  IS  the  average  of   risocc:  pannis,   as   far  as  the  average 

■       Ijiocc. ;  #w/^<w,  from  1 500 up;  maxitptus, h^yowd.  170OCC.     Thus 

^V   tht  number  of  subvarieties  becomes  increased. 

HApU  ac 


in. 

Nmntnclaturi. 


Komenclature  is  necessary  in  the  dassiiication  of  animals,  of 
and  mincmls.     Names  aid  to  discern  forms,  to  recognize 
characteristics  by  means  of  which  series  and  groups  are 
fonned,  to  dtstingutsh  series  from  each  other.    Without  names 
wc  should  T  t  we  speak.     Thus  in  the  classification 

f  human  v^..  ..,    ,..  .    -,.  v;u'ieties  it  is  necessary  to  adopt  tech- 
names  in  order  to  indicate  them;  although  we  may  but 
rcs$  tlic  entire  conception  of  the  fonn  which  we 

For  thiifc  puqiose  I  have  selected  words  from  the  Greek  and 

f  1  the  Ijitin  languages,  because  Greek  words  are 

bciu.  „,.,,.  ;ijr  proper  names,  and  are  easily  constructed,  while 

Is  m  use  in  a  modem  language  would  be  difficult  to  foreigners, 

ig  a  vulgar  signification,  would  be  equivocal;  finally, 

many  languages  derive  names  of  geometrical  forms  from 

and  Lattn^  and  hence  such  can  easily  be  understood. 

I  ppcar  that  T  have  too  much  increased  the  number  of 

iecli....«,  .^.imis  in  my  earlier  m^moxv.  Human  VaticHis  0/ Metan- 

In  a  measure  that  is  true,  but  most  of  the  words  for  each 

variety    ^'rre   in    u^   previously.      Brarhy,  meso,  dolkhot'cphah^ 

^1  A^;    .L^f^ttfr-pkalo,  Upta^  <hameprcsopo,  hpto,  mesa,  platyrifuto. 
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brachy,  leptostafilino  and  the  like  are  not  my  words.  It  appean 
that  the  vocabulary  would  be  enormous  and  sibylline  when  oth 
expressions  were  added  to  the  name  of  stenocephalo,  etc.  Tl 
French  school,  as  regards  nomenclature,  is  the  most  exaggerate 
I  need  but  state  that  besides  the  words  above  given  and  commc 
to  all  anthropological  schools,  it  has  basion,  episihian,  pteric 
obelion,  inion,  nasion,  ophryon,  metopion,  stphanion  and  the  lik 
If  in  adopting  the  zoological  method  which  I  have  indicated  ¥ 
abandon  craniometry,  and  with  it  its  nomenclature,  there  wi 
remain  but  few  technical  terms  for  the  indications  of  varieties  as 
subvarieties,  and  then  nomenclature  will  be  brief  and  significativ 
Whoever  reads  my  Memoirs  from  the  first,  that  upon  the  Melai 
esians,  to  the  last,  upon  "microcephalic  varieties,''  will  obsen 
how  I  have  little  by  little  eliminated  names  and  confusing  an 
wearisome  measurements,  and  have  reduced  classification  by  ted 
nical  terms  for  nomenclature  to  the  greatest  simplicity. 

Objections  made  against  the  nomenclature  which  I  have  intn 
duced  can  also  be  applied  to  that  used  in  zoology  and  botany  an 
in  all  the  sciences  which  have  one.  An  important  objection  seen 
to  me  that  of  Professor  Benedict  of  Vienna,  who  would  like  t 
abolish  every  word  of  Greek  and  Latin  origin,  because  they  ai 
dead  languages  which  in  a  few  years  will  no  longer  be  taught  i 
schools  of  science.  I  agree  with  him.  But,  as  I  have  above  sail 
it  matters  little  whether  a  technical  name  of  a  variety  be  undei 
stood  in  its  signification  provided  that  the  variety  denominate 
be  known  by  means  of  the  name,  and  nothing  more,  when  i 
refers  to  a  determinate  form.  Moreover^  a  reform  in  classificatio 
should  not  suffer  through  a  difficulty  in  names,  which,  if  they  wer 
Italian,  would  not  be  easily  accepted  and  understood  by  stranger 
Greek  and  Latin  have  at  least  the  advantage  of  being  language 
which  can  now  be  universally  retained  for  the  sciences.  Th 
objections,  or  rather  I  should  say  the  observations,  made  b; 
Hovelacque  and  Mantegazza  are  of  no  value  and  do  not  men 
attention. 

I  at  first  adopted  technical  names  Italianized,  but  afterwardi 
in  order  to  render  the  meaning  easy  to  foreigners,  I  adopted  th< 
Latinized  form,  which  has  the  advantage  of  preserving  the  origina 
vowels  and  consonants.  The  naturalist,  accustomed  to  zoologica 
nomenclature,  finds   nothing   new,   much   less  *  strange,   in   thii 
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method,  and  the  anthropologist  is  a  naturalist  who  is  occupied 
exclusively  with  man. 

I  consider  it  useful  and  opportune  to  prepare  catalogues  of  the 
varieties  and  subvarieties,  and  to  record  the  geog^phical  distri- 
bution of  forms;  they  are  pictures  which  render  two  facts  evident, 
the  number  of  ethnic  elements  and  their  dispersion. 

I  hope  by  this  method  and  by  these  principles  a  systematic 
anthropology  may  be  constituted,  which  may  be  the  foundation 
for  scientific  researches  upon  the  origin  of  human  races,  upon 
their  number  and  distribution,  upon  their  crossings,  and,  finally, 
upon  the  possible  solution  of  the  problems  of  the  unity  or  plur- 
ality of  the  species. 
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H.  Carrington   Bolton. 

Chatrma7i. 


To  THE  Secretary  of  the 

Smithsonian  Institution. 


PREFACE. 


It  is  the  purpose  of  this  brief  contribution  to  point  out  the  existing 
literature  upon  acetoacetic  ester,  rather  than  to  make  an  addition  to 
this  literature.     The  outlines  of  memoirs  are  given,  not  to  enable  the 
reader  to  do  without  the  originals,  but  to  help  him  to  find  just  the 
ones  he  may  require.     To  this  end  it  has  been  undertaken  to  furnish  a 
description,  without  the  detail  of  a  condensation,  of  so  much  literary 
material  as  has  been  cited.     The  subject  is  one  so  far  interwoven  with 
research  upon  organic  oxygen  derivatives  in  general  that  its  boundaries 
have  been  often  drawn  at  a  venture.     In  questions  upon  the  subject- 
matter  Mr.  Seymour  has  had  the  benefit  of  consultation  with  Professor 
Paul  C.  Freer,  of  this  University,  who  has  carried  on  investigations  of 
actrtoacetic  ester  for  some  years.     For  the  plan  of  the  bibliography, 
whatever  defects  the  plan  may  have,  the  undersigned  acknowledges 
himself  responsible.     In  the  execution  of  the  task  Mr.  Seymour  has 
devoted  studious  care,  with  clear  critical  inquiry  on  his  own  part,  from 
first  to  last.     And  his  work  is  oflfered  with  confidence  by  the  under- 
signed, to  the  Committee  on  Indexing  Chemical  Literature,  for  issue 
under  the  beneficent  provisions  of  The  Smithsonian  Institution, 
to  whose  time-saving  publications  chemists  are  so  greatly  indebted. 

Albert  B.  Prescott. 

rslVKRSITY    OF    MICHIGAN, 

.\ugast,  1892. 
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INTRODUCTION. 


In  the  following  work  the  articles  were  abstracted  with  reference 
to  the  subject  of  the  bibliography,  consequently  some  articles  were 
abstracted  only  in  part ;  that  is,  omitting  what  had  no  relation  to 
acetoacetic  ester.  The  word  '*  ester  *'  has  been  used  to  mean  an  acid 
in  which  the  carboxylic  hydrogen  has  been  replaced  by  an  alkyl  radi- 
cal, and  where  the  alkyl  radical  is  not  specified,  ethyl  is  understood. 

The  bibliography  is  arranged  in  chronological  order,  with  author 
and  subject  indices  appended. 

All  references  given  were  verified,  except  where  otherwise  stated. 

The  reference  given  first  in  each  case  is  the  original  publication,  the 
others  are  reprints  or  abstracts. 

The  literature  on  the  subject  begins  in  1840. 

I  wish  to  express  my  gratitude  to  Professors  Prescott  and  Freer  for 

direction  and  aid  in  the  work. 

Paul  H.  Seymour. 

r.xivERsiTv  OF  Michigan, 
June  If.  1892. 


LIST  OF  PERIODICALS  CONSULTED. 


The  following  periodicals  were  examined  carefully  for  articles  iipoi 
the  subject  of  the  bibliography  from  the  first  volume  in  each  case  I 
the  end  of  1891  : 

Annalen  der  Cheviie  und  Pharmacie  {Vol.  /.,  i8j2). 
Berichte  der  deutschen  Chemischeii  Gesellschaft  (  Vol.  /. .  186S),  ' 
*Jahresbericht  fiber  die  FortschrWe  der  Cheinie  (  Vol.  /.,  1S4J). 
Journal  of  the  Chemical  Society  (  Vol.  /.,  1849), 
.    Bulletin  de  la  Sociite  chimique  de  Paris  (  Vol.  /.,  1864). 

The  following  were  consulted  upon  references  : 

Comptes  rendus  de  l Acadimie  des  Sciences. 
Annalen  der  Physik  und  C hemic,  Poggendorff. 
Journal  of  the  American  Chemical  Society, 
Journal  fur  praktische  Cheinie. 
Archiv  der  Pharmacie. 

Jahresbericht  iiber  die  Fortschritte  der  Chemie,  Berzelius. 
Chemical  News. 
American  Chemical  Journal. 
Annates  de  Chimie  et  de  Physique. 


*Of  this  1887  was  the  last  volume  published. 


WEIDEMANN,  1840. 

SO,  95-125  ;  Ann.  Chem.  36,  297-304 ;  Berzelius* 
Jsb.  ai,  425. 

Acliod  of  Potassium  and  Sodium  on  Some  Ethers. 

!^MUin  attacks  ficctic  ester  at  once  and  is  dissolved.     No  gas  is 
i  ofi" ;  the  mass  solidifiifs  and  is  found  to  be  composed  of  potassium 
etboxid  and  a  cumpcmnd  of  acetyl  and  oxygen »  having  less  oxygen 
'  alter  :   in  other  words  the  potassium  abstracts  oxygen  from 
Icr.     Tile  product  obtained,   treated  with  sulfuric  acid,  gives 
[aocllc  add.     The  author  decides  that  it  is  probably   **  Hy}x>acetous 
add"  (imteracctylig-saurc)  C4  H6  0,^. 


QEUTHER,  A.,  i86j. 

der  Pharm.  116,  97*1 10;  Jsb.  Chem.  1863,  323. 

Researches  Upon  Monobasic  Acids. 

AcLiic  r  ticiiled  with  sodium  aud  a  stream  of  hydrogen  passed 

throogh.  I  acetate  aud  a  compound  *Cia  H^  Na  O^  were  formed. 

This  compciutid  w^s  named  dimethylen-carbonethylen  ether  sodium,  as 

OH 
OH.C4 


*C 


H..  C.  O,  } 


tlir  anthnrr  .nuppoHecl  It  to  be  formed  thus  :- 

♦  C  H^  C,  O.  )  Na  O 
H4  +  ^  Na^  C,  H,  C,  Oa  )  H  O,  C^  H4  +  C^  H5  Na  O,  +  H,  By 
treating  this  compound  with  ethyl  iodid  he  formed  dimelhylen-carlx>n* 
ethylen  ether  *  C,a  H,^  €h,  hoiling  at  iq8°  with  a  specific  gravity  of  .998 
al  13^  By  u^ing  melJiyl  iodid  dinjethylen-carbonmethylen  ether 
•C14  Hm  Ow  boiling  al  1H6.8**  was  produced.     By  the  action  of  ammonia 

on  ''^-    *^ ""■"■  *    -lies  were  formed  : — *C,6  H,3  NO4.  insoluble  in 

Vk.  t  aud  C,j  H,i  *  NO4.  soluble  in  water,   melting 

at  9P0**  and  fftibhming  »l  ioo*i    By  passing  carton  dioxid  through  *  Cta 
H    '^^    '  ^   Cu  H|o  Ck  was  produced.     Tl  colors  ferric  clilorid.   a  dark 


VI" 


8. 
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WANKLYN.  A-,  1864- 

J.  Chem*  Soc,   I7»  371*377  :    Chem.  News.  10,  195  ;  Jtsb,  Chen 

1S64,  461, 
Some  Actions  of  Sodium  and  5odetha?cid* 

The  difference  is  showti  between  treating  sodethoxid  with  an 
iodid  and  an  alkyl  acetate. 

In  the  first  case  sodiimi  iodid  is  produced  tlxus : 

Na|^  I    l_Na|      CHs  )q  ^ 

In  tlie  second  case  the  sodium  replaces  the  acetyl  g^roup  and  nd 
ethyl.     This  could  not  be  shown  in  acetic  ester,  therefore  valeric  e5li 
was  worked  with.     It  was  treate*!  with  rneullic  sodium,  rtraetiuri 
place  and  no  gas  was  given  off. 

The  reaction  was  2  ^\^^  ]  O+2  Na=  2  ^^  ^    |  0+  ^^  ^M 


OEUTMER,  A„  1866. 

Arch,  der  Pharm.  I35»  ^9-50,  and  201,223:  J.  Prakl.  Chem 
125  ;  Jsb.  Chem.  1865.  302  ;    Bull.  Soc\  chim.  6,  222. 
Acetic  Acid. 
Acetic  ester  was  treated  with  stxiium  and  Qr,  H,,  Na  O3  was  prinliii 
By  boiling  mih  water  it  was  decomposed  into  acetone^  alcohol,  carboi 
dioxid  and  sodium  carbonate.     Ct  HjoOj  was  prod  need  from  its  sodiun 
compound  by  treating  with  hydrochloric  acid,  carbon  dioxid  or  acetl 
acid,  when  it  was  called   by  the  author  ethyl-di acetic  acid  ;   it  ha^  1 
specific  gravity  of  1.03  at  5**,  boils  at  180.8°  and  reddens  litmus  onl; 
when  water  is  added,     In  obtaining  it   some  dehydract-tic   acid    w\ 
always  formed.     It  has  the  cumpositton  Cg  Ha  O^  and  melts  at   108 
and   boils  at  269.6^.     The   barium  and  copper  compounds  of  eth; 
idiacetic  acid  and  the  barium,  sodium  and  calcium  sails  of  dehydracet: 
facid  were  descril>ed.     Ethyl -diacetic  ethyl  C&  Ht,  O*  produced  by  eth 
iodid  Ixiils  at  f  98**  and  colors  ferric  chlorid  blue.     Ethyl -diacetic  meth; 
C7  Ht,  Oj  boils  at  186,8**  has  a  specific  gravity  of  t.009  at  6*^  and  coIo: 
ferric  chlorid  a  deep  blue. 


FRANKLAND.  E.,  AND  B.  F,  DUPPA,  18M. 

J.  Cheni.  SfK\  i9t  395  434 :   Ann.   Chem.  ijS,  204*22$  and  328-3^ 
Phil.  Trans.  Lond.  15*^.  37  ;  Jsb.  Chetn.  1865,  304. 
Synthetical  Researches  on  Esters.     Part  L 
Acetic  ester  was  made  from  sodium  aeeUite,  alcohol  and  sulf 
acid.    It  was  treated  with  stxlium  when  an  action  took  place  andhydr 
gen  was  given  off.     The  product  wsm  treated  with  ethyl  iodid  and  ^ 
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fenftwas  a  small  mmmiu  o(  C<>  H^  (C,  H5  )0^  and  a  larger  amount  of 
CiHi  (  Cj  Hi  )r  O3.  The  latter  is  colorless,  insoluble  in  water»  niiscible 
tttii  alcohol  and  etlier.  Unls  at  137.5^-139°  and  has  a  specific  gravity 
tf.i*i7i  At  22^! 

Etbylic  eihaeetofie  carbonate  C^  H,,  (  C^  H5 )  O3  is  colorless,  almost 
iMsliible  in  water,  ms^vcible  with  ala^hol  and  ether,  toils  at  igs"^  ^^^^^ 
ilstils  I  A,  it  has  a  ^xiecific  gravity  of  .9S34  at   16°     When 

ispoctifi;.  .  ,,.,..  a  vrater  solution  of  potassium  hydroxid.  ethyl  acetone, 
,CH,CO  C  (  C,  Hs  )   H^  is  produced  which  lx)ils  at  ioi°  and  has  a 
it>*  of  .8046  at  22°     Both  of  these  acetones  have  the  smell 
L  of  camphor.      Tht  di-niethylderivative  of  acetoacetic  ester 
ua.ii  it  isnow  known )  wa>»  prcparetl.  the  reactions  given  were  2  CH5  CO3 
H,  +  a  Sn^  CHj  CO  C  Na,  CO,  C,  H^  +  C,  Hs  OH  +  H.  artd  CH, 
►  CNa^  CO,  C,  H,  -I-2CH,  I==CH3  CO  C  (  CH3 ).  CO.  C,  H5  +  2  Na 
Scittic  ftf  the  mono  methyl  deri\  ati ve  was  alM>  formed  but  w*as  decora 
a  water  *iolution  of  potassium  hydroxid.     Methyl  acetone,  CH3 
c  ii,  (  CHj  ).  IxjiUat  81^  and  lias  a  specific  gravity  of  .8125  at  13"^ 
iHmethyl  aceUme,  CH,  CO  C  H  (  CH  ^  h.  boils  at  93''  and  lias  a  specific 
jra%'ity  of  .809^  al  13® 
Elliylic  diuielhyl  acetone  carbonate.  CH,,  CO  C  (  CH^  ),  CO,  C.  H5. 
at  184^  and  ha«  a  sptx-ific  gravity  of  .9913  at  16^ 


BRANDES.  R.,   1866. 

fch.  der  PlKmii.  [2]   1^.  193-212  ;   Jsb,  Chem,  i866»  305;  Bull.  Soc. 

chim.  7»  50  K 
Acetic   Acid. 

Mcthylen-dimethykn  carboxylic  acid,  C^  H^i  O3  (acetoacetic  methyl 
\%  prfHtur^l  frtmi  acetic  methyl  ester  and  sodium,  sodmethoxid 
firmed  in  the  reaction.     It  is  supposed  to  l>e  an  acid» 
&od  Uw  ..v.a  in  which  two  hydrogen  atoms  of  the  methyl  group 

are  one  by  methyl  and  the  other  by  acetyl     It  is  ctilorlcss, 

'  at  169^  170®,  and  has  a  specific  gravity  of  i  037  at  9^     Blue  lit- 
I  K  scarcci}'  change*!  by  it  until  water  is  added.     Alkalis  and  acids 
it  into  acetone,  carlxm  dioxid  and  methyl  alcohol     The 
'    and  descrilK'd.      Methylen-dtmethyleu  carboxylic 
M    w  ..;*  .•t'eloacelic  methyl  ester),  prepared  from  the  former 
ig  with  sodium  and  then  with  ethyl  iodid,  is  colorless,  boils  at 
^    gravity  of  ,995  at  14°     It  is  isomeric  w^ith 
^,> .  T, Ml,.   mvIco  carl)Oxylic    acid  melhylen   (methyl  aceto 
r).     By  ufittig  methyl  iodid  methylen^dimethylen  carbc»xylic 
tpetliylefi  tmelhyl  acetoacetic  methyl  ester),  was  produced,  it  toils 
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at  177.4°  and  has  a  specific  gravity  of  1.020  at  9°  Methylen-c 
methylen  carboxylic  acid  ethylen  treated  with  ammonia  gives  two  coi 
pounds  ;  C7  Hx3  NO,,  which  is  insoluble  in  water,  and  C5  H9  NOj.  whi< 
is  soluble  in  water.  When  the  above  esters  are  distilled  some  dehydr 
cetic  acid  Cg  Hg  O4  is  formed  as  a  solid  in  the  flask. 

Geuther  appends  a  note  to  this  article  in  which  he  gives  his  opinic 
as  to  the  constitution  of  dehydracetic  acid.  He  supposes  it  to  be  acet 
acid  in  which  two  hydrogen  atoms  have  been  replaced  by  acryl,  C3  H 
O,  thus  :   C  H  (C3  H3  O),  CO,  H. 


FRANKLAND,  E.,  AND  B.  F.  DUPPA,  1867. 

J.  Chem.  Soc.  20,  102-116;  Ann.  Chem.  I45»  78-93  ;  Jsb.  Chem.  186; 

394- 
Synthetical  Researches  on  Esters.     Part  II. 

By  the  action  of  sodium  and  then  isopropyl  iodid  on  acetic  eslei 
monoisopropyl  acetoacetic  ester  was  produced,  it  is  insoluble  in  watei 
miscible  with  ether  and  alcohol,  has  a  specific  gravity  of  .9804,  boils  2 
201°  with  758.4  m.  m.  pressure  and  distils  unchanged.  When  saponifie 
isopropyl  acetone,  CH3  CO  CH,  CH  ( CH3 )»,  is  produced,  it  is  sparingl; 
soluble  in  water,  miscible  with  alcohol  and  ether,  boils  at  114**  will 
758.4  m.  m.  pressure  and  has  a  specific  gravity  of  .8189  ^^  o*! 

The  difference  is  shown  between  it  and  two  isomers,  methyl  valera 
and  ethyl  butyral. 


GEUTHER,  A.,  1869. 

Ztschr.  *Chem.  5,  27  ;    Bull.  Soc.  chim.  la,  377. 
Changing  Acetoacetic  Ester  into  Ethylacetic  EsUr. 

Acetoacetic  ester  heated  to  1 20°  with  sodethoxid  and  acetic  ester  11 
changed  into  ethyl  acetic  acid,  CH,  C,  H5  CO,  H. 
♦Original  article  not  consulted. 


WANKLYN,  A.,  1869. 

Ann.  Chem.  i49»  43-49  ;  Jsb.  Chem.  1868,  509. 

Research  upon  Esters. 

The  action  of  sodium  in  sealed  tubes  upon  a  number  of  esters  was 
investigated  and  in  no  case  was  hydrogen  evolved.     The  esters  thua 
worked  with  were  acetic  ester  ;  acetic  allyl  ester ;  butyric  ester  ;  valeric 
ester  and  benzoic  ester.     The  equation  for  sodium  and  acetic  ester  y 
given  as  follows : 


ACETO    ACRTIC    ESTER. 

^C,H,  0,  C*  Hs  +  4  Na  -  3  Na  OC,  H,  +  Na  { C,  H,  O  h  The 
I  itpoo  sodacetoacetic  ester  as  a  triacetyl  derivative  of  sodiuui 
I  ncrtoaectic  ester  as  a  triacetyl  derivative  of  hydrogen  ;  niak* 
fi?if  «dhmi  aiid  bydnagen  trivalent. 


WISUCENU5,  J..  1669 

Aon    Chem,  149,  205-215* 

^M>xy butyric  Acid* 

xe  of  obtaining  /?  oxybutyric  acid  is  acetoacetic  ester  which 
ilreatrit        '        '  V  mi  and  tnust  be  kept  cool  during  the  re- 

ictioci  U»:  iieat  is  generated  by  the  reaction  to  decom- 

fosr  tbe  ^^ubstances  into  carbonates,  acetone  and  alcohol. 


WANKLYN,  A.,  1869. 

Bcr.  3,  64-65  :   Ann.  Chem.  150,  206-208* 

Action  of  Sodium  on  Alcohol. 

By  the  action  of  sodium  on  alcohol,  sodethoxid  was  formed,  from 
Inch  th  '     r  ct>ncludes  that  scxlium  is  trivalent  [Na'"(  C^  H<  )"]* 

)H.     T 1  -  rise  to  a  new  set  of  compounds  by  replacing  the  hydro- 

hydrogen  by  radicals. 


WANKLYN.  A.,  1869. 

Ber.  a,  425-427. 

PrtMluct  of  the  action  of  Sodium  and  then  Ethyl  lodid  on 

Acetoacetic  Ester- 

-  '•■-•en  tscvolvcil  in  the  first  part  of  this  reaction,  tlie  chief 

|i:  vhich  are  sodethoxid  and  sodacctoacetic  ester.     Then  sod- 

boxid  reacts  with  acetic  ester  to  fonn  ethyl  acetate  of  sodium,  CH^ 

|C;,  H,  )  COj  Na,     Thi*  reacts  with  ethyl  iodid  thus  :    2  CH,  (  C^  H,  ) 

>,  Na  +    2  C,  H,  1=2  Na  I  +  C,  H,  OH  -f-  U  Hs  (  C,  H,  },  O,  and 

1>  C»  H*  (  C,  H^  ),  O,  reacts  with  sodethoxid  to  form  CH^  (  C,  H5  ) 

>j  Na  a&d  butyric  ester,  C^  Hi^  O,. 


LADENBURQ,  A.,  1870. 

Her,  3,  305-306. 
Action  of  Sodium  on  Acetic  Ester, 

Ir  experimenting  on  this  reaction  the  autlior  concludes  that  no  hydro- 
gen e  gh^co  off,  and  that  with  [Krfectly  dry  acetic  ester  no  action  will 
f^fe^  place  bellow  toot 
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GEUTHER,   A.,   1871. 

Ztsclin  =^ChenL  7.  237  ;    Bull.  Soc.  chiiti.  16,  107. 
Acetoacetic  Ester  and  Some  of  its  Derivatives* 

When  acetoacetic  ester  is  treated  with  phosphorus  pentachlorid,  two 
inetameric  acids  of  the  formula  C4  H6  O^  are  formed,  quartenylic  and 
telracnlic.  Chlortetracrylic  acid  C4  H^  CI  O2.  and  its  salts  are  described. 
Tetrolic  acid,  C^  H^  O2,  is  formed  from  chlortetracrylic  ester  by  au  excess 
of  alcoholic  potash.  Ammonia  in  the  cold  acts  on  acetoacetic  ester  to 
fonn  a  soluble  amid,  C^  H,i  NOj,  and  an  insoluble  amid,  Cs  H,5  NOs, 
*Origiiuil  articlt  nol  consiiltt.'d. 


MIXTER,  WM.  Q..  1874, 

Ber.  7,  499-504;    Bull,  Soc.  chim.  32»  279. 
Knowledge  of  Derivatives  of  Sodacetic  Esters. 

Sodacetoacetic  ester  was  treated  with  isobutyl  iodid  and  C6  Hs  (C4 
H^  )2  O3  was  obtained  together  with  some  of  the  mono-bulyl  derivative, 
C^  Hg  (C4  Hg  )03.  The  dibutyl  derivative  is  colorless,  insoluble  in 
water,  niiscible  mih  alcohol  and  ether  and  boils  al  250°  to  2^2t^,  C^  H9 
(  C\  H.J  )  O^  treated  with  barium  hydroxid  is  saponified  to  iso-butyl 
acetone,  CH3  CO  CH,  (  C,  H^  ), 


WISLICENU5,    J.,  1874. 

Ben  7»  683-692  ;   J.  Chem.  Soc.  27,  883  ;    Bulb  Soc.  chini,  22,  457. 

Researches  on  Derivatives  of  Acetoacetic  Ester. 

In  regard  to  the  disputed  action  of  sodium  on  acetic  ester  the  author 
agrees  with  Geutherthat  as  final  products  only  sodethoxid  and  sodaceto- 
acetic ester  are  produced.  By  the  action  of  sodium  on  acetoacetic  ester 
only  one  hydrogen  atom  can  be  replaced,  but  by  replacing  that  sodium 
atom  by  an  alkyl  group  the  other  hydrogen  of  the  methylene  group  is 
rendered  replaceable  by  sodium  and  then  by  an  atkyl  group.  The  ethyl 
and  diethyl  substituted  enters  were  produced  and  described. 


WISLICENUS.  J.,  RUEQHEIMER,  CONRAD.  EHRLICH  AND 
ZEIDLER,  1874. 

Ber,  7,  892-893;   J,  Chem.  S<:k:.  29.  :^67  ;  Hull.  Sex?,  chim,  2j,  72, 

Derivatives  of  Acetoacetic   Ester. 
Sodacetoacetic   ester  treated  with  iodin  fonns  diacetosuccinic  ester 
which  melts  with  de;:omposition  at  77^    Sodacetoacetic  ester  treated  witlx 
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tic  ester  forms  acetosucciiiic  esler  which  boils  at  260*  to 
^..i .  *t  --^=  1   'imposition,  its  specific  gravity  is  1,079  at  21! 

T  tivalcd  with  chlorcarlxiuic  ester,  CI  CO,  C,  H5, 
lunn&inrtO'fiidlcjtitc  ester  which  boils  at  238^  to  240**  and  has  a  specific 
entity  of  I  .oto  ni  23! 

ScdKtctoncetic  «ler  treated  with  allyl  iodid  forms  allylacetoacetic 
oBerm  oil  nilh  a  specific  gravity  of  .982  at  20! 


UCENUS,    J.,    ZEtDLER,    EHRLICH.    ROHRBECK,     WALD- 
SCMMIDT.  SAUR   AND   CONRAD,  1875* 

icr.lt  1034-1040:  J.  Chera,  Soc.  3^,  36S  :    Bull.  Soc.  chim.  25,  299, 

Derivative*^  of  Acetoacetic   Ester. 

Allylacetoacetic  ester  i«  saponified  to  allylacetone^  CH,  CO  CH,  CH^ 
iH  CH,.  which  toils  at  i^o*  Allylacetoacetic  ester  when  treated 
*rlho5cid  gives  allylacetic  ester,  CH,  (  C,  H^  )  CO,  C,  H5  boiling 
*  I44r  from  which  comes  allylacetic  acid  boiling  at  182*'  Ben- 
rlaceloacetJc  c&lcr  CHj  CO  CH  (  CH^  Ce  H5 )  CO,  C^  H5  and  the 
^-- -*---.  n re  prepared.  Methylacetoacetic  ester  is  converted 
♦nlyric  acid  and  ^-methyl  crutonic  acid,  diethyl 
^oxybutyric  add  utid  a-ethyl  crotoiiic  acid  are  obtained  similarly. 
'  !  '■  .'  r  lM)iling  at  igiS^ts  prepared  and  from  it 
iiii::  nt  r;^2'' and  its  acid  (valeric)  txnling  at 

ji       '  '  I  -     I*  Li5ier  l>oihiig  at  205"  -207"*  is  prepared  and  from  it 
^•:ii,       rAhyl  acetoacetic  ester  will  form  but  a  mono  chlor 
iraiive  Ihcrcforc  tl  b  CH,  CO  C  CI  (  C,  H^  )  CO,  R  not  CH,  CI  CO 
(CH^)  CO,R. 


WISLICENUS,  J-t  F.  CLOWES  AND  C.  HUGGENBERQ,  187S. 

S,  i2o6-i?og;  J.  Cheni.  Soc.   ^1  565  ;    liulh  S^jq.  chim.  25,  460, 

EtJiyl-aceto  Succinic  Esters* 

'  /l-Ethyl<aartci&uccinic  ester  was  obtained  from  sodaceto  acetic  ester 
asxl  a  hrtnnbutvnc  enter.     Its  fonnula  is  CH3  CH^ 

CO  CH. 

CH ^CH 

CO,C.  H,         CO,  CH,,  it  is 
loolorteas  aQ,  tioils  at  262   and  dissolves  sodium  at  ordinary  tempera- 
giving  off  hydrogen,      a-ethyl-acetosuccinic  ester  was  obtained 
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by  treating  aceto  snccinic  ester  with  sodium,  and  the  product  with  c 
iodide     Its  formula  is  CH3 

CO 

C  (C,  H5  )—CH^ 

CO,  C  H5  CO,  C,  H5.  it  boils  at  263*  to  s 
and  does  not  dissolve  sodium  at  ordinary  temperatures  nor  ^ 
gently  heated. 


OPPENHEIM,  A.,  AND  H.  PKECfTT,  1^76. 

Ber.  9f  318-323 ;  J.  Chem.  Soc.  30f  69 ;  Jsb.  Chem.  1876,  604 ;   1 

Soc.  chim.  a6,  355. 

Formatioii  of  Acetoacetic  Ester  and  Oxyuvitic  Add. 

After  studying  the  action  of  sodium  on  acetic  ester  the  authors  i 
elude  that  no  hydrogen  is  given  off,  and  that  the  reaction  is  as  folkl 
3  CH3  CO,  C,  H5  +  4  Na=CH3  COCH  Na  CO,  C,  H5  +3  C,  H5  Q 

In  reference  to  oxyuvitic  acid,  they  conclude  that  it  cannot  be  fon 
directly  from  sodacetoacetic  ester  and  chloroform  but  that  the  presc 
of  sodium  ethoxid  is  necessar>'. 


OPPENHEIM,  A.,  AND  H.  PRECHT.  i»76. 

Ber.  9f  323-325  ;  J.  Chem.  Soc.  30,  69 ;  Jsb.  Chem.  1876,  572. 
Production  and  Properties  of  Dehydracetic  Acid. 

Dehydracetic  acid  was  made  by  passing  the  vapor  of  aceto  aoi 
ester  through  an  iron  tube  heated  to  dull  redness.  It  is  a  crystaUj 
substance  of  the  formula  Cg  Hg  O4  which  melts  at  108  and  boils  at  ^ 
Acids  do  not  affect  it  but  alkalis  decompose  it  into  acetone  and  ad 
acid. 


DEMARCAY,  E.,  i»76. 

Compt.  rend.  82,  1337- 1339  ;  J.  Chem.  Soc.  30,  403  ;   Ber.  9t  9(| 
Jsb.  Chem.  1876,  551  ;   Bull.  Soc.  chim.  27,  120.  ^ 

Oxypyrotartaric  Acid— A  Derivative  of  Acetoacetic  Ester.    ' 

Acetoacetic  ester  treated  with  hydrocyanic  acid  forms  an  addid 
product,  CH3  COH  (CN)  CH,  CO,  C,  H5,  which  is  decomposed  by  wai 
f<irming  oxypyrotartaric  acid,  CH3  C  OH  (CO,  H)  CH,  CO,  H,  anui 
nia,  and  alcohol. 


DEMARCAY,  E..  187^^. 

Compt.  rend  83,  449-451  ;  J.  Chem.  Soc.  30,  506  ;  Jsb.  Chem.  - 

1876,  569. 
Research  upon  the  Derivatives  of  Acetovaleric  Ester,      h 
"^todacetoacetic  ester  and  isopropyl  iodid.  CH  I  (C  H3  ),.  react  to 
ropyl  acetoacetic  ester.  CH3  CO  CH  (C3  H7  )  CO,  Cg  H5,  y' 
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Btc  t-^ler.      It  boil.H  at  200   to  202!,  colors  ferric  chlorid  rose 

XV  I  ircatcd  with  bromiii  and  tlien  alcoholic  potash  and  then 

l^xinxriilinic  acid,  iwa  acids  are  formed  according  to  the  amount  of 
The  acids  resemble  angelic  and  oxy*augelic  adds. 


EMMERLING,  O.  AND   A,  OPPENKEIM*  1^76, 

Ikr.  9*  1096-1097  ;    Bull.  Soc,  chim.  ^7.  298. 
A  New  Ester  of  Acetoacetlc  Acid, 

bitbL*  .^  ester  was  fonned  which  toils  at  202*  to  206°  vvitli 

mtdti       ^  its  specific  gravity  is  .979  at  o*     The  ester  dis- 

|iiiivt9  sodiam.  anJ  o9C\'uWtic  acid  can  be  made  from  it. 


OPPENHEI/n,  A.  AND  H.  PRECHT.  1876. 
Ik-r.  9.  109H  ;    Bull.  Soc.  chinu  27,  299. 
Action  af  Anilin  on  Acetoacetlc  Ester, 
ic  ester  was  treated  with  anilin  in  hopes  of  producing  an 
ilid  but  diphenyl  carbamid  CO     i^C  h"'  f;'^  melting  at   235',    was 
laced  instead. 


EMMERLINQ.  O.  AND  A,  OPPENHEIM,  1876. 
Ber»  9«  1098  ;   Bull.  Soc.  cliim,  27,  299. 
Oxidisurtion  of  Acetoacetlc  Ester. 

acctnacetic  ester   is  oxidized   by   potassium  permanganate, 
acetate,  {xita'vsittm  oxalate,  alcohol  and  water  are  formed. 


OPPENHEIM,  A,  AND  M.  PRECHT,  1876. 

Ber.  9,  1099-1102:   Bull.  Soc.  chim.  37*  299. 

Dehydracetic  Acid. 

ith  phcisphonis  triehlonM  gives  no  reactiotr 

norus  ox y chlorid   and    phosphorus  pcnta- 


10 


BIBLIOGRAPHY   OF 


chlorid  a  compound,  Ck  Hr,  Cl>  Oj,  melting  at  loi"  is  lormed,  whi<^ 
proves  the  presence  of  tlie  hydroxyl  and  carboxyl  gronps,  and  also  that 
the  fourth  oxygen  atom  is  united  to  carten.  Deh3^dracetic  ester,  C% 
Hj  (C,  H^ )  Q^, melts  at  91.6°,  dehydracetanilid.  C^  H.  (N  HQ  H5  )  O3, 
fuses  at  115  ,  and  chlor-dehydracetic  acid,  Cg  H7  CI  O4,  ftises  at  95', 
brom*dehydracetic  acid,  Cs  H7  Br04,  was  also  described.  The  formula 
signed  to  dehydracetic  acid  is  CH3       OH  CO2  H 

CO         C  ^  C 

CHa-C=CH 


WISLICENUS,  J.»  1877. 


186. 


-22H  ;   J,  Chem.  Soc  3^t  432, 
Acetuacetic   Ester. 

A  short  review  is  given  of  the  work  done  by  different  chemists  on 
the  reaction  bet\\^een  sodium  and  acetoacetic  ester.  The  methylene 
hydrogen  atoms  of  acetoacetic  ester  can  be  replaced  by  alkyl  groups 
on/y  by  passing  through  the  mono-sodium,  mono- alkyl,  and  sodium- 
alkyl  compounds,  in  that  order.  Diethyl  acetoacetic  ester  boils  at  218* 
and  is  not  attacked  by  so<lium  even  at  loof  In  the  reaction  between 
sodium  and  acetic  ester,  sodium  acetoacetic  ester  and  .sodethoxid  are 
formed,  and  if  ethyl  iodid  be  added  now,  etbyl-acetoacetic  ester  is 
formed,  upon  some  of  which  sodethoxid  will  instantly  act  and  form 
sodethylacetuacetic  ester,  which,  in  contact  with  ethyl  imlid  now*  gives 
dielhylacetoacetic  ester.  Frankland  and  Duppa  wrongly  attribute  the 
last  named  body  to  the  first  action  of  sodium  on  acetic  ester.  These 
coniph'cations  are  due  to  not  removing  sodethoxid  l>efore  adding  ethyl 
iodid.  The  saponification  of  acetoacetic  ester  derivatives  yields  either 
substituted  ketones  and  a  carbonate,  or  substituted  acetates  and  alcohol. 


CONRAD,   M.,  1877. 
Ann.  Cheni.  186,  22S-232  ;   J.  Chem.  Soc.  jai»  435  :    Tsb.  Chem. 

1877,  689. 
Acetoacetic  Amyl.  Ester 

Amyl  acetate  treated  with  .sodium  produces  acetoacetic  atuyl  ester, 
CH,  CO  CHj  CO,  C,  Hh>  with  no  evolntimi  of  h\  dmuc-n  if  cold,  and 
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•iKght  evolution  in  a  warm  reaction.  Amyl  alcohol  is  also  pro- 
^duccd.  Acetoacetic  amyl  ester  is  colorless,  boils  at  223'',  has  a  specific 
ily  of  *954  at  10',  and  colors  ferric  chlorid  red,  Ethylacetoacettc 
lyl  ester.  CH,  CO  CH  {  C,  H^ )  CO,  C5  Hu,  was  also  produced,  it 
[bojis  at  2^3"  to  236%  lias  a  specific  gravity  of  .937  at  26-  and  gives  no 
icalor  with  ferric  chlorid. 


CONRAD.  M.,  1877. 
Asm.  Chem.  iS6t  232-244 ;   J.  Chem*  Soc.  32,  435  ;  Jsb.  Cliem. 

1877,  690. 
Halogen  Substitution  Products  of  Acetoacetic  Ester, 

UTien  acetoacetic  ester  is  treated  with  hromin  it  takes  it  up  and  hydro- 
bromic  acid  is  given  off.  fonning  the  compotuid  C^  Hh  Br^  O3.  Its 
specific  gravity  is  2.32  at  21*  and  it  is  decomposed  upon  distillation, 
Chlorin  passed  tli rough  acetoacetic  ester  is  absorbed,  hydrochloric  acid 
is  given  off,  and  Cc  H^  CU  O^^  is  formed,  This  boils  at  205*  to  207"*  and 
its  specific  gravity  is  1.293  ^^  i^"     To  prove  the  constitution  of  the  last 

^4DOOipouad  it  was  treated  with  hydrochloric  acid  at  i8o%  when  dichlor- 
ttcetcMie.  CH5  CO  CH  CI 2,  was  formed,  and  with  caustic  potash  when 
dichloracetic  ester,  CH  CU  CO3  C^  H5.  was  separated.    Ethylacetoacetic 

r«tcr  was  treated  with  chlorin  and  CH3  CO  C  CI  (C,  H^^  )  CO,  Ca  H5 
was  obtained.  The  author  decides  that  the  dichloracetoacetic  ester  is 
CH^  CO  C  CI,  CO,  C,  H5,     Amyl  ester  of  acetoacetic  acid  and  the  amyl 

KCSler  of  ethylacetoacetic  acid  were  treated  with  chlorin »  and  dichlor- 

'  acetoacetic  amyl  ester  and  ethyl -monochloracetoacetic  amyl  ester  were 

[,Iiroduced* 


BONNE,   JULIUS,   1877, 

Ann.  Chem,  1^,  i-n  ;  J.  Chem,  Soc.  3^,  437 
Benzoylacetoacetic  Ester, 

Wlteti  lienxoyl  chlorid  acts  upon  sodacetoacetic  ester  the  two  sub- 

slancoi  comlrine  and  sodium  chlorid  is  formed.      The  compound,  l>en' 

^TO>-lacetoacetic€!^ter,  CH^  CO  CH  (  CO  C6  H,  )  CO.  C,  H^^  decomposes, 

upon  being  distilled,  into  carbon  raonoxid,  carbon  dioxide  benzoic  ester 

,  Atid  bcn7,oic  add.     When  treated  with  caustic  potash  methyl  phenyl 

g,  CH^  CO  C«  Hv  and  a  little  benzoic  acid  are  produced. 
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EHRLICH,  FRANZ  LOUIS,  1977. 
Ann.  Chera.  187,  11-30 ;   J.  Chem.  Soc.  3^,  438  ;   Jsb.  Chem. 

1877,  689. 
Benzylacetoacetic  Ester. 

Benzylacetoacetic  ester  was  made  by  treating  sodacetoacetic  esl 
with  benzyl  chlorid,  it  is  CH3  CO  CH  (CH^  Ce  H5)  CO,  C,  H5,  it  h 
a  specific  gravity  of  1.083  ^^  18.4*  and  cannot  be  distilled.  Wh 
sai»nified  methyl-phenylethyl  ketone,  CH3  CO  CH,  (CH,  C6  H5), 
obtained,  it  boils  at  235**-236*  and  has  a  specific  gravit>'  of  .989  at  23. 
When  this  ketone  is  oxidized  acetic  and  benzoic  acids,  carbon  diox 
and  water  are  produced.  Dibenzylacetoacetic  ester  was  also  pr 
duced.  The  action  of  nascent  hydrogen  on  benzylacetoacetic  ester  w* 
found  to  be  analogous  to  that  on  acetoacetic  ester,  that  is,  a-benr 
^-oxybutyric  ester  was  produced. 


ZEIDLER,  FRANZ,  1877. 

Ann.  Chem.  187,  30-47  ;  J.  Chem.  Soc.  3^,  437. 

Allyl-acetoacetic  Ester. 

Allyl-acetoacetic  ester  boils  at  206**  and  gives  a  carmine  color  witi 
ferric  chlorid,  its  specific  gravity  is  .982  at  20.'  When  saponified  i 
yields  allyl-acetone,  CH3  CO  CH,  C3  H5,  which  boils  at  128'  to  13c 
and  has  a  specific  gravity  of  .834  at  27.°  It  is  isomeric  with  mesity 
oxid,  boiling  point  I3i'*-i32*';  with  dumasin  boiling  point  120°- 125*,  am 
with  raetacetone  boiling  point  84**-86!  Allyl  acetic  acid,  CH,  (C3  H5] 
CO2  H,  also  obtained  from  the  saponification,  when  oxidized  becomes 
succinic  acid.  Nascent  hydrogen  converts  allyl  acetoacetic  ester  intu 
^r-allyl  /9-oxy butyric  acid. 


CONRAD,  M.,  1877. 

Ann.  Chem.  188,  217-226;  J.  Chem.  Soc.  34,  137, 
Acetsuccinic  Esters  and  Derivatives. 

Acetsuccinic  ester  CH3 

CO  • 

CH CH,  i 

CO2  C,  H5        CO2  Ca  H5  was  obtained  from  sod^ 
acetoacetic  ester  and  raonochlor-acetic  ester,  it  is  insoluble  in  water| 
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soluble  in  alcohol,  ether  and  benzene,  and  boils  at  254*  to  256!  When 
saponified  with  alcoholic  potash,  acetic  and  succinic  adds  are  pro- 
duced. Barium  hydroxid  produces  ^-aceto-propionic  acid  CH3  CO 
CH,  CH,  COa  H,  a  crystalline  substance  whidi  mdts  at  31!  This  is 
piobably  the  same  as  the  levplinic  add  of  Grote  and  Tollens  (Ann. 
Chem.  I78f  iSx)    The  ethyl  est^  was  also  produced. 


CONRAD,  M,  1877- 

Ann.  Chem.  188*  226-228 ;  J.  Chem.  Soc.  34,  137. 

SjmthesU  of  Pyrotartaric  Acid  ff^m  Acetoacetic  Ester. 

When  sodacetoacetic  ester  is  treated  with  a-brom-propionic  ester, 
j^-methyl-aceto-stacctnic  ester  is  formed,  thus:—  CH3  CO  C  H  Na  COa 
C  H5+CH3  C  H  Br  CO,  C,  Hj-eHj 

CO  CH3 

CH CH 

COaCaHs      COaCaHs 

*  ^-Methyl  aceto-sucdnic  ester  is  acted  upon  by  barium  hydroxid  and 
the  barium  salt  of  pyrotartaric  add  is  formed. 


ROHRBECK,  HERMANN,  1877. 

Ann.  Chem.  188,  229-239;  J.  Chem.  Soc.  34»  136. 
a-Methyl  ^-Oxybutyric  Acid  and  a-Methyl  Crotonic  Acid. 

a-Methyl  ^-oxybutyric  acid  was  obtained  from  methyl-acetoacetic 
ester  by  the  action  of  sodium  amalgam  and  when  heated  this  a-methyl 
^-oxy butyric  add  was  changed  into  a-methyl  crotonic  acid,  CH3  CH  :  C 
CH3  COa  H.     The  properties  and  salts  of  each  acid  were  described. 


WALDSCHMIDT,  ERNST,  1877. 

Ann.  Chem.  188,  240-248  ;  J.  Chem.  Soc.  34»  136. 

Reactions  of  Acetoacetic  Ester. 

a-Ethyl  ^-oxybutyric  add  and  a-ethyl-crotonic  acid  were  produced 
from  acetoacetic  ester,  the  reactions  being  similar  to  those  of  Rohrbeck* 
which  proves  that  they  are  general.     The  salts  of  these  two  acids  were 
studied  and  described. 
•Sec  pages  7  and  13. 
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SAUR,  RICHARD,  1977. 
Ann.  Chem.  188,  257-269. 
Methyl-ethyl-acetoacetic  Ester,  Methyl-ethyl-acetic  Acid 
a-Methyl-ethyl-^-oxybutyric  Acid. 

Methyl-ethyl-acetoacetic  ester,  CH3  CO  CCCHjXCa  H5)COa  C^ 
is  colorless,  boils  at  198*  and  its  specific  gra\4ty  is  .974  at  22.**  It 
duces  a  violet  color  with  ferric  chlorid.  When  treated  with  soi 
ethoxid  it  gives  methyl-ethyl  acetic  ester,  CH  (CH3)(Ca  H5)  CO,  0 
while  sodium  amalgam  acting  on  it  produces  a-methyl-ethyl-^-ajfi 
tyric  ester. 


CONRAD,  M.,  iftTy, 
.nn.  Chem.  188,  269-2 
Metal  Acetoacetic  Esters. 


Ann.  Chem.  188,  269-274.  ] 


The  copper,  nickel,  cobalt,  magnesium,  and  aluminum  salts  of  $i 
acetic  ester  were  produced  and  described.  In  each  case  but  onl 
drogen  atom  of  the  methylene  group  in  acetoacetic  ester  can  b| 
placed.  This  can  be  replaced  by  either  a  metal  or  a  non-metal  beoj 
its  position  between  two  carbonyl  groups  weakens  its  positive  chani| 


NORTON,  TH.  AND  A.  OPPENHEIM,  1877. 

Ber.  10,  701-704;  Jsb.  Chem.  1877,  685. 
Action  of  CarlK)n  Bisulfid  on  Acetoacetic  Ester. 


{: 


By  this  action  a  monobasic  acid  of  the  formula  CH3 

CO 

C:  S,  H 
C:  S  O  C 
COa  C,  H5 
was  formed  which  was  named  by  the  authors  thiorufic  acid.  A  mell 
oxid  and  carbon  bisulfid  acting  on  acetoacetic  ester  produce  a  compel 
CH3  CO  C  (:C:  S)  CO,  C,  H5  which  the  authors  consider  as  the  ai 
derivative  of  CH  (:C:  S)  CO,  H,  which  they  name  thio-carbaceticil 
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DEMARCAY,  E.,  1877. 
Ber.  lo,  1 1 77- 1 178. 
Acetoacetic  Ester. 

The  author  has  worked  on  the  chlorcrotonic  acids.  The  methyl, — 
ethyl— and  propyl-acetoacetic  esters  were  converted  into  the  correspond- 
ing  chlorcrotonic  acids  and  described. 


ROHN,  WILHELM,  1877. 
Ann.  Chem.  190,  305-322  ;  Ber.  11,  252;  Jsb.  Chem.  1877,  688. 
Isobutyl-acetoacetic  Ester and  Isobutyl-acetic  Acid. 

Acetoacetic  ester  treated  with  isobutyl  iodid  gives  isobutyl  aceto- 
acetic ester  CH3 

CO 

CH  CH,  CH  (CH3), 

CO,  Ca  H5  which  boils  at  2 17^-2 18°  and  has  a 

specific  gravaty  of  .951  at  17.5!  When  saponified  it  yields  isobutyl 
acetone,  CH3  CO  CH^  [CH,  CH  (CH3)2],  which  boils  at  142'  to  144*' 
and  has  a  specific  gravity  of  .817  at  17'*  and  isobutyl  acetic  acid, 
CH,  [CH,  CH  (CH3)  J  CO,  H. 


MIEHLE,  GUSTAV.,  1877. 
Ann.  Chem.  190,  322-327  ;  J.  Chem.  Soc.  34»  490  ;   Jsb.  Chem. 

1877,  688. 
Synthesis  of  Tricarballylic  Acid. 

Acetosuccinic  ester,  made  from  sodacetoacetic  ester  and  monochlor- 
acetic  ester,  was  treated  with  sodium  and  then  with  monochlor-acetic 
ester  and  aceto-tricarballylic  ester  CH2    CO2  C2  H5 

CH3  CO-C  CO2  C2  H, 

CH2     CO2  C2  H5  was  produced. 
It  boils,  with  decomposition  at  280**  to  300!     When  treated  with  hot 
potassium  hydroxid  it  gives  potassium  tricarballylate  from  which  can 
be  obtained  tricarballyhc  acid  C3  H5  (CO2  H)3. 
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DEMARCAV,  E.,  1877, 

Compt.  rend.  84,  554-556  and  1087-1089 ;  J.  Cbem.  Soc.  ja,  590 ; 
Ber,  10,  732  ;  Jsb.  Chem.  1877,  690. 

Simple  Method  of  Preparing  Certain  Mono,  Di,  and  Trichlor  Acids. 

Phosphoric  pentaclilorid,  acting  on  a  compound  of  tlie  fonnula  CH^ 
CO  CH  X  CO 2  Qi  Hs,  forms  a  substituted  monochlor  crotonic  ester  of  the 
formula  CH, :  C  CI  CH  X  CO,  C,  Uy  In  tliis  manner  the  methyl, 
ethyl,  propyl,  isopropyl  and  allyl  crotonic  monochlor  esters  were  pre- 
pared. Also  some  di-radical  monochlor  crotonic  esters  of  the  formula  j 
CH, :  C  CI  C  X  Y  CO.  C  H,  both  where  X  and  Y  were  alkyl  radicals 
and  where  they  were  acid  radicals.  The  ethybmonochlor  crotonic  estefl 
and  its  isomer  dimethyl-monochlor  crotonic  ester  were  prepared  and 
the  differences  between  them  noted. 


DEMARCAV,  E.,  1877. 

Compt.  rend.  8-#,  io32-to33:  J.  Chem.  Soc.  J2,  594. 

Some  Derivatives  of  Acetoacetic  Ester, 

By  treating  ethyl-  and  methyl-acetoacetic  esters  each  with  a  quan- 
tity of  liromin  representing  one  molecule  and  saponifying  the  products^ 
two  compounds  of  the  compositiou  3  C5  H6  O2  +  H3  O  and  5  C4  H4  O2 
+  Hj  O  were  obtained,  which  were  named  pen  fir  and  k'^ric  acids  re- 
spectively. Just  doulde  the  amount  of  bromin  being  used,  two  acids 
were  formed  each  containing  one  atom  of  oxygen  more.  These  w^ere 
named  pcntenk  and  telrenic.  Mono-  and  di-brom-isopropyl  acetoacetic 
esters  also  gave  rise  to  two  acids,  hexic^  3  C6  Hg  Oj  +  H,  0*  and  hexenic, 
3  C,  H,  O,  -f  H,  O, 


SCHNAPP,  HEINR-,  1877. 

Ber.  10,  1953-1954  and  2227  ;  Ann.  Chem.  201,  62-73:  Jsb.  Chem. 

1877,   718. 
Di-ethyI-^9-oxybutyric  Acid. 

Di -ethyl -acetoacetic  ester  when  treated  with  sodium  amalgam  gives 
diethyl-^J^-oxybutyric  acid  CH,  CH  (OH)  C  (C^  H5),  CO,  H.  By  heat- 
ing instead  of  foniiing  the  crotonic  acid  by  splitting  off  water,  it  forms 
acetic  aldehyde  and  di-ethyl-acetic  acid.  The  latter  boils  at  195"  to 
197*  and  has  a  specific  gravity  of  .945. 
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RUCKER,  AUG..  1877- 

'  *^  '<*♦:  Ann.  Oieni,  aoi*  54  ;  J.  Chem.  Soc.  34*  292 :  Jsb,  Chem. 
18H0.  810. 
Methyl  Crotonic  Acid. 
JivCiji  accloacclic  ester,  CH3  CO  C?I  f  CH,)  CO,  C,  H^,  treated  with 
pkt^qibarns  pcotachlorid  ^ives  only  one   conij^ound  «- methyl  /?'Chlor 
iMtonk  Md  CH, 
C-CI 

CH  (CH^) 

COj  H  which  radts  at  69.5.*    The  barium,  sodium  and 
i  and  the  i?thyl  ester  were  described. 


WOLFF,  CARU  1877. 
Ml,  195^1. iqj^ft:  Ann.  Chem.  2ai»  45:  Jsb.  Chem.  1877.  6.^7 
Dtallyt-iicctoacetic  Ester  and  il5  Derivatives. 

BiallyUcelosictrtic  lister,  CHj  CO  C  (C3  H5),  CO,  C,  H5,  toils  at  259* 

i^ravity  of  ,94s  at  25!*     It  is  decomposed  by 

g  U I  diaHylacetone  which  b<Mls  at  174**175* 

(11  into  diallyliicctic  acid   which  boils  at  22t*-222''  and  has  a 

gravity  f^f  '    25:     To  oblaiti  the  first  product  the  alkali 

ladMctild  aud  -lauce  in  shaken  out  with  ether.     To  obtain 

'  seond  add  itujfuric  acid  to  the  dry  mixture  and  the  acid  separates 

oil.      T"      *      '       .    calcium   and   silver    salt.s    are    described. 

lily  ibU  tcid  C  H   (C3  H5),  CO,   H  when  oxidized 

^re  tncarhallylic  acid  C^    H^    (CO,   H)^  since   allylacetic   acid 

(SQedok  add. 


MEYER,  VICTOR,  1877. 

BcT.  10.  3075- 207S     Jsb.  Cbem    r877.  518  and  770. 

Azophenylaceloacetic  Add. 

Kisen  ajcubenjEctic  nitrate  C*  H5  N,  NO,^  is  treated  with  potass! imi 
C94er,  axophenyUicetoaceiic  acid  CH,  CO  CH  (N,  C*  H^i 
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CO2  H  is  formed,  it  melts  at  154"  155.'  A  new  acid,  Ce  H,  NO4. 
produced  by  treating  acetoacetic  ester  with  nitrous  add,  it  is  so 
stable  that  it  cannot  be  distilled.     Its  constitution  is  either 

CH3  or    CH3 

CO  CO 

C=:N— OH         CH— N=C 
COa  C  H5  COa  Ca  H5 


WISLICENUS,  Jm  1877. 

Ber.  10,  2226-2227. 

The  Saponification  of  Acetoacetic  Esters. 

The  author  calls  attention  to  the  double  saponification  of  acetoaa 
esters.  Substituted  acetic  esters  or  acids  are  obtained  as  well  as  si 
stituted  ketones. 


WISLICENUS,  J.,  1878. 

Ann.  Chem.  190,  257-281  ;  J.  Chem.  Soc.  34f  402  ;    Ber.  11,  251* 

Decomposition  of  Acetoacetic  Ester  by  Alkalis. 

A  large  number  of  experiments  have  been  performed  and  tables  ^ 
given  showing  the  proportions  of  the  different  products  of  saponificatl 
under  different  conditions.  It  was  found  that  the  more  concentral 
the  alkali  and  the  more  it  was  in  excess  the  larger  was  the  proport| 
of  acetic  acid  and  substituted  acetic  acids  and  the  smaller  was  the  pi 
portion  of  carbonate  and  ketones.  1 


CONRAD,  M.,  1878. 

Her.  II,  58-60  ;   J.  Chem.   vSoc.  34»  403  ;  Jsb.  Chem.  1878,  687. 
Action  of  Sodium  on  Etiioxyacetic  Ester. 

By  the  action  of  sodium  and  then  acetic  acid  on  ethoxyacetic  esti 
CH,  (O  C2  H5)  CO2  C2  Hs.  a  compound  do  H,8  O5  is  formed  whi| 
boils  at  245**  and  is  believed  to  be  ethoxyacetyl -ethoxyacetic  es^ 
CH2  (OC2  Ho  CO  CH  (O  C2  HO  CO2  C2  H5.  It  colors  ferric  chla| 
violet,  dissolves  sodium  and  forms  a  barium  compound.  Heated  w| 
an  alkali  it  gives  ethoxyacetic  ester.  '• 

a 
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MEYER.  VICTOR  AND  J.  ZUBLIN,  1878. 
r  11*320-324  ;   J.  Chem.  Soc.  34*  4^7  ;   Jsb.  Cliem,  1878,  426, 
NUrosa  Compounds  of  Fatty  Series.     Part  I. 
Bf  tk:  actiofi  of  aitrous  acid  ou  aceloacetic  ester  a  compound  Cs  Hg 
yO«  WIS  prcidticed*     It  was  liquid  even  at  25*  below  zero  but  after 
Itnihig  some  months  some  of  it  crj^stallized.     Acetyl  chlorid  has  no 
KtM  m  it  which  is  one  proof  of  the  formula  CH^ 

CO 

CH  N=0 
COa  C.  Hj 
Krtkjrl  aceUMicetic  ester  treated  with  nitrous  acid  gives  nitroso-raethyl 
vftoor.  CHj  CO  CH  (CHj)  NO,  which  forms  white  crystals  soluble  iti 
iktIM,  ether  mnd  chloroftirm  ;  it  melts  at  74*»  aud  boils  at  185'  t86* 
mkkcoaiposcd*  It  is  the  first  nitroso  compound  whose  vapor  density 
hiibecn  determinecL  Elhyl-act-loacetic  ester  treated  with  nitrous  acid 
ITOiiitiofio^hyl-acetone,  CH^  CO  CH  (C,  H5)  NO.  crystals  which 
iirsoltiiile  in  ajoohol,  ether  and  cljloroform  and  slightly  soluble  in 
«iler,  it  melts  at  53"-55* 

^^^^  ALLIHN,  F.,  1878. 

^^Ki  11.  567-570,  J.  Chem,  Soc.  34.  566  :  Jsb.  Chenr  1878,  707, 
^^^  Actlofi  of  Sulfuryl  Chlorid  on  Acetoacetic  Ester* 
^|HUs  actkm  produces  two  compounds  according  to  the  proportions  of 
VraecUorid  tised.  If  an  excess  of  sulfuryl  chlorid  act  upon  acetoacetic 
"  ote.  CHj  CO  C  CI,  CO,  C,  H5,  is  formed,  If  molecular  quantities  of 
the  two  suli*tiuice§  are  tnken,  CH^  CO  C  HCl  CO,  C,  H5,  is  formed 
wfcich  is  a  colorless  liquid  boiling  at  rgj*  to  rgsf     Its  specific  gravity  is 

W^^  MEYER,  VICTOR  AND  J.  ZUBLIN,  1878. 

"     Her.  II*  692-697;  J.  Cbem.  Soc  34*  659  ;  Jsb.  Chem.  1878,  726, 
NitroM  Compoands  of  the  Fatty  Series.     Part  IL 
|B)    different  lUJinipulations  of  nilrou^s  acid  aud  methyl-acetoacetic' 
thnsr  bodies  were  obtained  : — 


20  BIBLIOGRAPHY  OF 

1)  Nitroso-methyl  acetone  CH3  CO  CH  (CH3)  (NO). 

2)  Nitroso-propionic  ester  CH3  CH  (NO)  CO^  C,  H5. 

3)  Nitroso-propionic  acid  CH3  CH  (NO).  CO,  H. 

Each  one  was  described,  as  wasnitroso  acetone,  CH3  COCH,  (N( 
also. 


CONRAD,  M.,  i»78. 

Ber.  II,  1055-1058;  J.  Chem.  Soc.  34f  732  ;  Jsb.  Chem.  1878,  743 

Synthesis  of  Phenylated  Fatty  Acids. 

Benzylacetoacetic  ester,  CH3  CO  CH  (C7  H7)  CO,  C,  H5,  madefh 
acetoacetic  ester,  sodium  ethoxid  and  benzyl  chlorid  is  a  colorless  liqu 
with  boiling  point  276**  and  specific  gravity  1.036  at  15. 5!  When  tl 
is  treated  with  sodium  and  then  with  methyl  iodid  CH3  CO  C  (CH 
(C7  H7)  CO2  C2  H5  is  produced.  It  is  colorless,  its  boiling  point  is  28 
and  its  specific  gravity  1.046  at  23**;  when  saponified  it  yields  meth 
benzyl  acetic  acid,  CH  (CH3)  (C7  H7)  CO,  H.  Methyl  benzyl  ace! 
benzyl  ester  or  methyl-hydrocinnamein,  ethyl  benzyl  acetoacetic  est« 
CH3  CO  C  (C,  H5)  (C7  H7),  CO2  C2  H5;  and  benzyl  acetosuccin 
ester  CH, 

CO 

C  (C7  H7) CH, 

CO2  C2  Hj         CO2  C2  H5  were  prepared  and  described. 


i 

WISLICENUS,  J.  AND  L.  LIMPACH,  1878. 

Ann.  Chem.  192,  128-135  ;  J.  Chem   Soc.  34»  783  ;   Ber.  if,  1245  J  \ 

Jsb.  Chem.  1878,  720.  i 

Syntliesis  of  Qlutaric  ( Py rotartaric)  and  a-Methyl  Qlutaric  Acid| 

When  sodacetoacetic  ester  is  treated  with  /9-iodio-propionic  estoi 
CH2  I  CH2  CO2  C2  H„  aceto-glutaric  ester,  CH3  j 

CO  j 

CH-CHaCHaCOaCaB| 

CO2   Ca  H5  is  producel 
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It  is  a  colorless  uil  boiling  at  27r-272%  it  has  a  specific  gra\aty  of 
1.0505  at  14.1!  Treating  this  with  alcoholic  potash  and  then  sulfuric 
add.  glutaric  acid,  CH,  CO,  H 

CHa 

CHj  COa  H,  is  produced,  Methyl-aceto-glutaric 
€ster,  formed  similarly  from  sodmetbylacetoacetic  ester  boiis  at  280"- 
aSi*  and  has  a  specific  gravity  of  1.043  at  20!  When  this  is  saponified 
potassium  meth\  l-glutarate  CH  (CH3)  CO^  K 

CM 

C  crystal' 

line  subitmice  melting  at  76!  -ii-*v  ^escribed^ 


KRE£  K 

Ann.  Chem.  I93<  135*141  :  J.  (  Soc,  24^  783;  Ben  11,  1245  :  Jsb, 

Che*i*.  iisyS,  721. 

Synthesis  of  Pyrotartaric  Acid  from  a-Metliyl-aceto-succinic 

Ester. 

a-Mcthyl-aceto-succinic  ester  saponified    yields    pyrotartaric    acid 
identical  with  that  produced  by  Conrad,  (Ann.  Chem.  188,  226,)  from 
^-methyl-aceto-succinic  ester.     The  two  equations  are  ( i )  a 
CH3 
CO 

C  (CH3) CH, 

CO,  C,  H5,     CO,  C,  H5+3  K0H=CH3  CO,  K  + 

CH  (CH3)  — CH,+2  C,  H5  OH 
CO,  K  CO,  K 

(2)^CH3 

CO  CH3 

CH CH 

CO,  C,  H5  CO,  CaH5+3  KOH=CH3  CO,  K  + 

CH, CH  (CH3)  +  2  C,  H5OH 

CO,  K     CO,  K 


22  BIBLIOGRAPHY  OF 

HARDT/yiUTH,  F,  1878. 

Ann.   Chem.   193,   142-146;  J.  Chem.  Soc.  34»  782;  Ber.   ■■, 
Jsb.  Chem.  1878,  726. 

a.)9.Dlinetfay4-aceteftucciiiic.  Ester  an^  Symmetrical    Dimd 

succiolc  Acid* 

^-Methyl-acetosuccinic  ester  GH3 

CO         CH3 

CH CH 

COa  R  COa  R  is  treated  with  so 
and  then  with  methyl  iodid  and  thus  a-^-dimethyl-acetosuccinic. 
CH3 

CO  CH3 

C  (CH3)-CH 

CO2  R  CO2  R  was  produced.  It  boils  at  270*  to  272*  and  its  sp 
gravity  is  i  057  at  27.*  When  saponified  it  g^ves  symmetrical  dim 
succinic  acid,  CH3       CH3 

CH CH 

CO,  H  CO,  H. 


HUQQENBERQ,  CARL,  1878. 

Ann.  Chem.   19^,  146-152;  J.   Chem.  Soc.  34»  782;  Ber.    il.    d 
Jsb.  Chem.  1878,  725.  ^ 

a-Bthyl-aceto-succinic  Ester  and  Ethyl-succlnic  Acid. 

When    sodacetosuccinic  ester   is    treated  with  ethyl  iodid  a 
acetosuccinic  ester  CH3 

CO 

C  (C,  H5)— CH, 

CO,  R  CO,  R  results.     It  boils  at  263*  ta 

and  sodium  will  not  act  upon  it.  When  this  is  saponified  ci 
succinic  acid  is  produced  which  melts  at  98!  The  barium,  calduit 
silver  salts  and  ethyl  ester  of  this  acid  were  described. 
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CONRAD,    «.  AND   LEONARD    LIMPACH,  1878, 

Ann.  Chcm.    19a,  153-160;    Ben    n,    1246;    J,   Cliem.  Soc.  34i  7S1  ; 

Jsb.  Chem.  1878,  706, 

Improved  Method  of   Production  of  Mono-  and  Dl-organic 

Substituted  Acetoacetic  Bsters. 

Add  the  ester  to  a   solution  of  sodiiiin  ethoxid  made  bj-  dissolving 
todium  in  ab**olule  alcohol  and  then  add  thealkyi  iodid.     Tlie  products^ 
arc  obtained  veT>^  free  from  the  byproducts  which  are  formed  in 
u&iial  tnetltod^. 


PRECMT,  Hm  1878. 
*Bcr.  lit  1 193-^^95  s  J-  Chem.  Soc.  34,  97^*;  Jsb,  Chem.  1S78,  706, 
Action  of  Ammonia  on  Acetoacetic  Ester* 
By  this  action  the  compound  C^  H|,  NO^  is  formed.     It  is  insoluble 
ill  w^tt-r,  soltible  in  alcohol  and  ether,  and  is  decomposed  by  heating. 
It  is  probably  an  amid  and  is  isomenc,  not  identical  with  the  substance 
which  Geuther  obtained  and  called  ammonium  ethylene -dimethylene 
carbonate.* 


•See  pages  i  and  6. 


HARROW,  GEO.  H.  U.,  1878. 

J.  Chem.  See.  33»  425-438  ;  Ann.  Chem.  aoi,  141  ;  Jsb.  Chem.  1878,  731. 
Pyrotritartaric  and  Carbopyrotritartaric  Acids. 

Diacetosuccinic  ester  CH3  CH3 

CO  CO 

CH CH 

COa  Ca  H5  CO2  C2  H5  made  from  sodacetoacetic 
ester  and  iodin,  is  crystalline  and  melts  at  78"-79°  This  treated  with 
dilute  sulfuric  acid  yields  the  two  acids,  pyrotritartaric  or  uvic  C7  Hg  O3 
melting  at  i35*-i36*  and  carbopyrotritartaric,  Cg  Hg  O5  which  melts  at 
23o*-23ir     Carbopyrotritartaric  acid  heated  gives  pyrotritartaric  acid 
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and  carbon  dioxid.     Carbopyrotritartaric  acid  fused  with  po| 
hydroxid  gives  succinic  and  acetic  acids.      The  formula  assi] 
carbopyrotritartaric  acid  is  CH3  CO  CH  CO,  H 

CH-C=C=H, 
CO— O,  and  the  one  assi] 
pyrotri tartaric  acid  is  CH3 
CO 

CH-CH=C=CH, 
CO,  H 


ZUBLIN,  J.,  1878. 

Ber.  II,  1417-1420;  J.  Cheni.  Soc.  34»  879;   Jsb.  Chem.  1878^ 
Azobenzene-acetoacetic  Acid. 

This  name  is  proposed  for  what  V.  Meyer  calls  Azo-phenylacd 
acid*  (Ber.  lo,  2075.)  CH^ 

CO 

CH-N=N-C6  H5 

CO2  H.     The  potassium,  barium,  leiid,  siJ 
copper  salts  and  ethyl  ester  are  described  and  also  paraazotolui 
acetic  acid,  CH^  CO  CH  (N,  Ce  H^  CH3)  CO,  H,  and  its  ethy: 

*See  page  17.  1 

I 

BANDROWSKI,  E.,  1879. 

Ber.  13,  344-346  ;   J.  Chem.  Soc.  3<^»  523  ;   Jsb.  Chem.  1879,  J 
Behavior  of  Dibromsuccinic  Acid  with  Water. 

At  high  temperatures  water  decomposes  dibromsuccinic  a| 
abstracting  hydrobromic  acid.  Two  acids  are  left,  one  with  a  | 
point  between  129*  and  130"  which  is  bromomaleic  acid,  the  otK 
boils  at  1J2*  I 


HILQER,  A.,  1879. 

Ann.  Chem.  I95»  314-317  ;   Ber.  I3,  664  ;   J.  Chem.  Soc.  3^*  56^ 

Chem.  1879.  108 1.  •  4 

Detection  of  Acetoacetic  Ester  in  Urine.  1 

Acetoacetic  ester  was  found  in  the  urine  of  diabetic  patients! 
amount  of  .0399  to  .  1909  in  100  parts.  I 
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KONIO,  HEINR*,   1879. 

Bcf  11, 76S-770:  J.  Chein.  Soc.  36*  706  ;  Jsb.  Chem    1879.  662. 

4dioo  ol  Hydrocyanic  and  Hydrochloric  Acids   on    Methyi-aceto- 
acetic  Ester. 

Jost  $s  thc4e  acidji  act  on  acetoacetic  ester  to  produce  oxypyrotartaric 
acidwtbcy  act  on  metbyl-acetoacetic  estur  and  produce  the  next  high- 
er hoDMilojtue.  oxyadipic  acid  thus  :  CH3  CO  CH  (CH;)  COaC,  H5+ 
HCS»CH^  con  (CN)  CH  (CHj)  CO,  C,  H,  and  then  CH3  C  OH 
[CNlCHfCHjl  CO,  C,  H,+2  HCI+2H,  0=CH;COH  (CO,H)  CH 
^CHijCO,  H-f  N  H,  a  +  C,  H,  CI. 


LAOENBURQ,  A,  AND  L.   RUOHEFMER,  1879. 

"^  95.^*^54  •   J'  Chem.  Soc.  36,  71  s;   Jsb.  Chem,  1S79,  4-^5. 
AccloacetJc  Ester  DeHvattves  of  Ortho-tolylendiamin. 
Ortho-tolyleudiamiti  C*  Hj  CHj  (NH,)^  reacts  with  acetoacetic  ester 
|tofomCi,HtCH,<JJJJ>  C  <^JJ^CO,C,H5,  a  soHd,  melting  at  82! 
[liiAJiisdlQblciii  water.  soUible  in  alcohol  and  such  solvents;  when  heated 
titoioipoaes  into  cthenyl  totylendiatnin  C^  H;  CR,<J^^j^^CC  H^, 
t«Gd  wfaieh  melts  at  198**199.* 


ALUMN.  F.,  1879. 
'i29H*i5oo;  J.  Chem.  Soc.  3<it  915  ;   Jsh.  Chem,  1879.  637. 
Chi' -t-'-Y^ed  Metal  Derivatives  ol  Acetoacetic  Ester. 
ch  I    metal  derivativ'es,    corresponding   Lo  the  fomiula 

fHj  CO   Ca   COt  Ct  H^)x  M.  may  be  produced  by  shaking  the 

r  with  an  amnjoniacal  solution  of  the  salt 
n         ,  ^  Ltckel,  aud  cobalt  aaWs  were  described.     The 

Mkblor-ficetoeicetk  aster  will  give  no  metal  derivatives. 
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JOURDAN*    FRIEDRICH,    1879. 
Ann.  Chem.  aoo,  101-119;  J.  Chem.  Soc.  38,  313;  Jsb.  Chem.  1879,  t 
Mono-  and  Di-heptyl-acetoacetic  Esters. 

Acetoacetic  ester  treated  with  heptyl  iodid,  C7  Hjj  i,  and  sodl 
ethoxid  forms  heptyl-acetoacetic  ester,  CH3  CO  CH  C7  H,5  CX),  CS 
a  colorless  oil  which  boils  at  271*  to  273*  and  has  a  specific  g^viti 
.9324  at  17. 1.'    This  was  saponified  and  heptyl  acetone,  CH3  CX)  ^ 
C7  H,5,  boiling  at  2i4*-2i5%  with  a  specific  gravity  of  .829  at  i 
and  heptyl-acetic  acid,  identical  with  nonyl  acid,  were  produced, 
heptyl-acetoacetic  ester  was  made  in  the  similar  way,  and  from 
methyl  diheptyl  carbin  ketone  (diheptyl  acetone),  CH3  CX)  CH 
11,5)2,  and  diheptyl  acetic  acid,  CH  (C7  Hjj),  CO,  H,  were  produ< 


VENABLE,  F.  P.,  1880. 

Ber.  I3»  1649- 1652  ;  Jsb.  Chem.  1880,  438. 
Derivatives  of  Heptanes. 

Heptyl-acetoacetic  ester  was  produced  by  the  Conrad  and  Limpj 
method,  it  boils  at  250*  to  260!  When  saponified  it  yielded  met| 
octyl  ketone,  CH3  CO  CH,  CH  CH3 

C5  Hi,,  which  boils  at  196*  to  ^ 
This  formula  was  assigned  to  it  because  the  heptyl  bromide,  Cj  H|,  | 
Br  CH,,  was  used  to  start  with. 


MORRIS,  GEO.    H.«    1880. 

J.  Chem.  Soc.  37,  6-14  ;  Ber.  13,  427  ;  Jsb.  Chem.  1880.  813. 
a-Methyl-hydroxy-succinic  Acid. 

Acetoacetic  ester  treated  with  hydrocyanic  acid  and  then  with  hydl 
chloric  acid  gives,  CH3  C  (OH)  CH^  CO,  H,  ^ 

CO2  H  a  crystalline  substance,  soluble  in  w0i 
alcohol  and  ether  which  melts  at  108!  It  is  the  same  acid  as  Dema 
ay's  oxy-pyrotartaric  described  in  Compt,  rend,  82,  1337.  The  bariii| 
calcium,  potassium,  silver,  lead  and  copper  salts  were  described.  V 
three  isomeric  acids  of  this  formula  were  shortly  discussed.  ^ 

i 
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OEMARCAY.  E„  1880. 

BiilLSae.cliiin.  JJ,  5*^525  and  575-580  and  34.    31-37:  J.  Chem. 

Soc,  3»,  625. 

Tetric  and  Oxytetric  Acids  and  their  Homologues. 

Sirtliylacctoacetic  ester  when  treated  with  bromin  forms  two  cora- 

fORKLi.  CH,  CO  C  (CHj)  Br  CO,  C,  H,  and  CH,  Br  CO  C  (CH,} 

_BrtO,C,  H5.      If  these  arc  allowed  to  stand  they  form  CH,  CO  C 

'KHj)  BrH  and  CH,  Br  CO  C    (CH3)  Br  H.  but  if  treated  with 

h  they  form  totric,  3  C4  H4  O^-h  H^  O,  and  oxytetric  acids, 

I,  O.     Three  sets  of  salts  of  tetric  acid  are  formed.   (i> 

10,  C,  H4  U, ;    (2)    Ba  O,  2  C^  H,  O, ;    (3)  2    M,  O,    5  C,  H,  O.. 

ic  pentachlorid  with  tetric  acid  forms  C4  H4  OCI3  which  when 

I  with  chlorin  K^ives  C^  H<  CI4  O, 

I  the  above  matiaer.  from  the  alkyl  substituted  acetoacetic  esters, 

3g  acids  and  many  of  their  salts  were  produced  ;  pentic,  3 

•Hi  O;  hcxic.  5  C^  H^  0,+  H,  O  :  heptic,  3  C^  H.p  0,-1- H, 

:o^pcntic.   1  Cj  H<.  O^+H,  O  ;  oxyhexic,   3  Ce  Hh  O3+H,  O; 

tie,  3  Cj   Hio  Oj+Hi  O,  and  isohexic   and   isoxyhexic.     The 

of  these  was  worked  out  to  be  ; 

CH,— CH,  CH,— CH  (CH,) 

CO  —  CO  and   CO  —CO  etc 


HOFMANN.  OTTO,  1880. 

Ann.  Chera.  JOi,  73-89:  Ber.  ij,  431. 

of  Zinc  and  Allyl  lodid  on  Acetoacetic  and  Diethyl-aceto* 
acetic  Esters. 

iT!ie  acticm  is  the  same  as  with  sodium  and  an  alkyl  halogen,  that  is, 

[  acetoacetic  cslcr  the  mono-  and  the  di-alkyl  acetoacetic  esters  are 

Joctrd  :  C*  R,  ( C^  H^)  O^  and  C^  H^  iC^  Hs),  O3.  when  allyl  iodid 

When  t!ic  diallyl  acetoacetic  ester  is  treated  with  zinc  and 

liiallyl  acetic  ester.  CH  {Qj,  H,),  CO,  C,  H^is  produced. 
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GUTHZEIT,  MAX,  1880. 

Ann.  Chem.  204,   1-14;  Ber.  I3f   1983;  J.  Chem.  Soc.  38,  871  ;  J 

Chem.  1880,  827. 

Octylic-acetoacetic  Ester  and  its  Derivatives. 

Sodacetoacetic  ester  treated  with  octylic  iodid,  Cg  H,7  i,  gives  oc 
licacetoacetic  ester,  CH3  CO  CH  (Cg  Hjy)  CO,  C,  H5,  which  boils 
280'  to  282*  and  has  a  specific  gravity  of  .9354  at  18.5!  It  yields  t 
two  usual  saponification  products,  methyl  nonyl  ketone  CH3  CO  C 
(Cg  Hiy),  which  boils  at  224*  to  226',  and  octylacetic  acidCHa  (Cg  H 
CO2  H  which  is  capric  acid  which  boils  at  265*  to  267*  The  barii 
and  calcium  salts  and  ethyl  ester  of  this  acid  were  describ 
Di-octyl-acetoacetic  ester  is  formed  by  further  treatment  of  1 
monoctyl  derivative  with  sodium  and  octyl  iodid,  it  boils  at  340'  to  3^ 
This  upon  saponification  gives  dioctylacetone,  boiling  at  325*  to  3; 
and  dioctylacetic  or  isostearic  acid  which  melts  at  37*- 38*  and  boils 
270°  to  275*  under  100  m.  m.  pressure.  The  barium  and  silver  sa 
and  ethyl  ester  were  described. 


BOCKINQ,    EDUARD,  1880. 

Ann.  Chem.  204,  14-26;  Ber.  13*  1983;  J.  Chem.  Soc.  3*,  872.     Jsl 

Chem.  1880.  812. 

Two  New  Syntheses  of  Ethyl-methyl-oxy-acetic  Acid. 

( 1 )  From  ethyl-methyl  ketone,  C^  H5  CO  CH3,  by  treating  it  wil 
hydrocyanic  acid  and  then  with  hydrochloric  acid,  C  (C2  H5)  (CHJ 
(OH)  CO2    H,  is  produced. 

(2)  From  ethyl-methyl-acetic  acid  (active  valeric)  which  wi 
obtained  from  ethyl-methyl-acetoacetic  ester  by  saponification.  CI 
(CH3)  (C2  H3)  CO2  H  boils  at  170"  to  175%  when  treated  with  bromil 
a  brom-ethyl-methyl-acetic  acid  is  produced  and  this  with  water  givl 
ethyl-methyl-oxy-acetic  acid.  C  (C^  HO  (CH3)  (OH)  CO,  H. 
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Ami  Oscin.  200.    ,    --^^13  ;  J.  Chem.   Soc,  40,  409  ;   Bcr.  14,  843  ;  Jsb. 
Cli-^n    :sHr.  502  :  Bull,  Soc*  chim,  3^*  657. 

Oeoifnposttian  of  Poty basic  Acetoacetic  Esters  by  Alkalis. 

Bf  g  greal  oambcr  of  experiments  it  was  found  that  the  proportion 

fhHutusvT  kcloti ic  acid  and  carbonate  increased  with  the  dilution  of 

*  alkali  and  the  proportion  of  acetates  or  substituted  acetates  increased 

rrib  tht  concentralion  of  the  alkali  ;  also  Uiat  isomers  do  not  give  the 

t  pnopoftiotiB  of  like  products. 


BISCHOFF,    CARL.    i88o, 

AiDLCIitin,  »>6,  315*5^7;  J.  Chein.  Soc.  40,  412  ;  Jsb,  Chem,   1881, 
744  :  Bcr.  I4»  844. 
Two  Komologues  of  Accto-propionic  Acid. 

iMMto-bobatyric  or  a-methyl-aceto-propionic  acid,  CH3  CO  CH^ 
nm^)  CO,  H,  and  ,9-aceto-butyric  acid,  CH,  CH  (COCH,)  CH, 
DiR,  wef«  docribed  together  with  their  production  and  their  salts. 


CLAISEN,  Lm  1881. 

^HiM5*349  •  J-  CJienj,  Soc.  40»  405  ;  Jsb,  Chem,  1881,  580  ;  Bui!. 
Soc.  chim.  56,  357. 

C^mdensaUon  of  Aldehyde  witb  Acetoacetic  Ester. 

-Hing  hydrochloric  acid  gas  through 
11  acetaldehyde,  acetelhylidenacelic 
CH,  CO  C  ( CH  CHj)  CO,  C,  H^  is  produced.     It  boils  at  210* 
|2iyftad  i»  two  molecules  of  bromin.     Acetobenzyliden- 

r  ertet  ,  CH  Ca  H^j  CO,  C,  Hy  produced  similarly  from 

ehyde  bolls  at  295*  to  297.*    This  also  will  take  up  two  molecules 
Hiromtii 
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QABRIEU  S.,  1881. 

Ber.  I4»  919-927  ;  J.  Chem.  Soc.  40,  733  ;  Jsb.  Chem.  1.88 1,  79 
Bull.  Soc.  chim.  36,  598. 
Condensation  Products  of  Phthalic  Anhydrid. 

Acetoacetic  ester,  phthalic  anhydrid,  C6  H4  (CO),  O,  and  soc 

acetate  react  together  to  form  ortho-tri-benzoyl-benzene,  Cjj  H,- 

and  a  compound,   C,2  Hg  O2.  the  composition  of  which  is  unkn 

which  boils  at  209  to  21 1      Ortho-tribenzoyl-benzene  has  the  cons 

tion  :—  C CO 

/    \         I 
Ce  H4 —  C      C — C6  H4  , 

I  I        I 

CO C     C— CO 

\  /         I 

C CeU, 


HANTZSCH,  A.,  1881. 

Ber.  14.  1637-1638;  J.  Chem.   Soc.  40,  1028  ;  Jsb.  Chem.  1881,  « 
Bull.  Soc.  chim.  36^  569. 
Condensation  Product  of  Aldehyde-ammonia  and  Acetoaceli 

Ester. 

Acetoacetic  ester  treated  with  aldehyde-ammonia  in  presence  of  a 
chlorid  gives  C,4  H,,  NO4  which  melts  at  131'  and  boils  at  310.*  Bo 
with  hydrochloric  acid  it  is  entirely  decomposed,  treated  with  dry  1 
drochloric  acid  gas  it  gives  two  bases,  di  H17  NO2,  and  Cg  H,3  N. 
combines  with  bromin  to  form  C14  H19  Br4  NO4,  and  this  treated  m 
nitric  acid  gives  C,4  H,5  Br4  N04»  which  melts  at  102*.  C14  H21  NO4 
be  oxidized  to  the  base,  C14  H,9  NO4,  which  is  the  ester  of  coUidi 
dicarboxylic  acid  and  has  the  formula  C5  N  (C  113)3  (CO2  C2  Hs),. 


DEICHMULLER,  A.,  1881. 
Ann.  Chem.  209,  22-30  ;  J.  Chem.  Soc.  40.  1162  ;  Jsb.  Chem.  1881,  tQ 

Diabetic  Urine. 

The  author  decides  that  the  substance  in  diabetic  urine  whi 
produces  a  red  color  with  ferric  chlorid  is  acetoacetic  acid,  not  the  ed 
of  that  acid  because  by  acidification  and  distillation  acetone  but  ', 
alcohol  is  obtained.  ! 
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TOLLENS,   B„  ig8i. 

^o<>^503S  ;  J.  Cheui,  Soc.  40»  1 162  ;  Jsb,  Chem.  1881,  1054. 
Diabetic  UHne. 

r  Oe  author    decides    that    the    substance    in    urine    of  diabetic 
k  which  gives  a  red  color  \%ith   ferric  chlorid  is  not  acetoacetic 
,  Oter  as  b  datmed.  but  the  free  acid  of  that  ester. 


THORNE,  L,  T.,  1881. 
I.OiOT.  Soc.  39*  336-344;  Ber,  14*  2238,  Jsb.  Chem.  1881,  759. 
of  the  Aclton  of  Alkalis  on  /J-Ethylaceto-succinic  Ester* 

tic  ester  treated  vi*ith  a-broin-bulyric  ester  gives   ^3f-ethyl- 
jctfcHOcdmc  ester.  CH^  C,  H5 

CO 

CH CH 

CO,C,  H5  CO,  Ca  H5,  which  boils  at   263'  and  has 
ivity  of  1,064  ^^  i^*     When  this  is  treated  with  an  alkali 
Bc  arid  is  formed  which  is  identical  w^ith  that  produced  fmni 
^ttk}1-icetJ>^uecii]ic  ester,  CH, 

CO 

C  C,  H, CH, 

CO,  C,  H5         CO,  C,  H5,  by  Huggenberg 
1.  191,  146')  and  also  «-ethyl-^5-aceto-propionic  acid.  (CH^ 
CH  (C  H3)  CO,  H, 


BURTON*  BEVERLY   5.,  iMi< 

_AiiL  Qcro.  J*  Sf  3^5  '95  :  J-  Chem.  Soc.  4^.  599  ;  Ber.  I5»  949  I  Jsl>. 

:hcm.  1882,  653* 

Oil  the  Propyl  Uerivatives  and   Decomposition  Products 

of  Acetoacetic  Ester. 

ft^rl-aceloacctic    ester    b  a  liquid  which   boils  at   208'   to  209* 
•db  ly  of  .981  at  of 

....  ester  boils  at  235'  to  256*  and  has  a  specific 

|i,  Quautitive  experiments  were  made  in  the  saponi- 

of  theac  esters  and  results  were  obtained,  similar  to  those  of 
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Wislicenus,*  which  are  given  in  a  table.     Di-propyl-acetic  acid  fc 
at  219. s**  and  has  a  specific  gravity  of  .9215  at  or       Di-propyl-acet 
boils  at  173*  to  174?     Sodium  amalgam  acting  upon  di-propyl-ac 
acetic  ester  failed   to  produce  di-propyl-j9-oxy-butyric  acid  as 
expected  but  decomposition  resulted. 


*Ann.  Chein.  186,  161.    See  pages  10  and  29. 


WISLICENUS,  J.,  i88a. 

Ann.  Chem.  aia,  239-250;  J.  Chem.  Soc.  4^,  934; 
Jsb.  Chem.  1882,  370. 

Comparisons  of    the    Combining   Energies  of  the   Halogens  I 
Sodium  with  Different  Organic  Residues. 

Many  experiments  were  performed  with  acetoacetic  esters  | 
the  following  results  formulated  : 

i)  Towards  similar  organic  residues  the  combining  energy  of  chlo 
is  greatest  and  of  iodin  is  the  least. 

2)  Among  compounds  of  the  same  halogen  with  isomeric  radia 
the  primary  show  the  least  and  the  tertiary  the  greatest  combin 
energy. 

3)  The  combining  energy  of  iodin  for  alcohol  radicals  of  the  sa 
category  (primary  or  secondary)  increases  with  the  molecular  wd^ 
(addition  of  CH2)  this  increase  being  the  reciprocal  of  the  increase 
the  molecular  weight.  ! 

4)  The  combining  energy  of  the  halogen  is  considerably  less  wlj 
the  residue  is  an  unsaturated  primary  alcohol  radical  (allyl  for  exaiii|| 
but  is  considerably  increased  when  the  halogen  is  united  to  a  prinnj 
but  unsaturated  carbon  atom  (vinyl  iodid  for  example.)  j 

5)  A  diminution  of  combining  energy  is  produced  by  linking  of  Cf 
group  united  with  the  halogen  to  carboxy).  The  author  also  sh^ 
that  the  combining  energy  of  the  sodium  in  the  sodium-acetoaci 
esters  is  greater  than  that  of  the  sodium  in  the  sodium-alkyl-acetoaoi 
esters.  ] 
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WLEUGEL,   S.,   i88a. 

Ber.  I5»  1050-1056 ;  J.  Chem.  Soc.  4^,  949 ;  Jsb.  Chem.   1882,  839 ; 
Bull.  Soc.  chim.  38,  389. 

Upon  the  Knowledge  of  Nitroso-acetoacetic  Esters. 

Since  of  the  three  compounds  formed  by  the  treatment  of  acetoacetic 
ester  with  nitrous  acid,  namely  :  (i)  the  nitroso-acetoacetic  ester  ;  (2) 
nitroso-propionic  acid  and  (3)  nitroso-acetone,  only  the  second  can  be 
reduced  to  an  amid,  while  the  third  forms  a  ketine,  the  author  in- 
\*estigates  the  action  of  nascent  hydrogen  on  the  first,  nitroso-aceto- 
acetic ester,  and  obtained  a  dibasic  acid  which  he  calls  ketindicarboxylic 
acid,  Cg  Hg  N,  O4 .  The  barium,  silver,  potassium,  ammonium  and 
lead  salts  were  described.  The  author  advances  the  structural  for- 
mnla 

N 
/    <^ 

CH3C C   COaH 

CH3C C  CO.H 

\     ^ 

N 


PROPPER,   MAX,    1882. 

Ber.  I5»  1154  ;  J.  Chem.  Soc.  4^1   1193. 

Action  of  Fumins:  Nitric  Acid  on  Acetoacetic  and  on  Mono-chlor- 
acetoacetic    Esters. 

.\  preliminary  notice  stating  that  the  author  has  obtained  nitroso- 
acetic  and  mono-chlor  nitrosoacetic  esters  by  these  reactions. 
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HANTZSCH,   A.,    i88a. 

Ann.  Chera,  ai5.  i~82  ;   J.  Chem.  Soc.  44«  82  ;  Ber.   15.  291 

Chem.  1882,  491. 

Synthesis  of  Pyridin  Derivatives  from  Acetoacetic  Estel 
Aldehyde-Ammonia. 

The  condensation  product  of  acetoacetic  ester  and  aldehyde-ai 
is  dihydrocollidin-dicarboxylic  ester, 

CH, 

I 

C    . 

/      \ 

CaCaHjC  — H    C  — CCCaHs 

CH3C— H    C  — CH3 

\    / 

N 
The  author  describes  this  and  many  of  its  derivatives. 


CERESOLE,   M.,    188a. 

Ber.  15,  1326-1328  ;  J.  Chem.  Soc.  4^,  1052  ;  Jsb.  Chem.  i88| 
Bull.  Soc.  chim.  38,  390. 

Nitrosoacetone  and  Acetoacetic  Acid. 

By  allowing  a  mixture  of  acetoacetic  ester  and  potassium  hj^ 
to  stand  a  day  and  then  treating  it  with  an  acid,  acetoacetic  j 
produced.  This  is  the  first  production  of  it.  It  is  a  colorless: 
mixes  with  water  and  is  strongly  acid.  It  is  very  unstable,  ded 
ing  at  less  than  100.° 


DUISBERQ,  C.  1882. 

Ber.  15.  1378-1388;    Ann.  Chem.  213,  133-181  ;  J.  Chem.  Soi 
1 192  ;  Jsb.   Chem.  1882,  841  ;    Bull.  Soc.  chim.  38,  391. 

Contribution  to  the  Knowledge  of  Acetoacetic  EsterJ 

By  treating  acetoacetic  ester  wnth  bromin  the  author  cannot  gd 
mann's  dibrom  addition  product  or  Conrad's  dibrom  addition  i 

i 
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produci  uni  gets  the  tive  successive  substitution  products 
B  each  one.     The  monobroni  product  treated  with  ammonia 
►  Ca  Hi  Oj.  Ihc  eth3rl  ester  of  an  acid  which  the  author  names  oxy- 
ii        T!  i     ^    ^  '  ')duced  if  sodium  act  in  place  of  ammonia, 

111  ^v  treating  the  ester  with  sodium  hydroxid. 

mctrolk:  ncid  lias  jiLst  half  the  molecular  formula  of  Herrmann's  suc- 
gester  f  Ann.  Chem.  an,  306).     Passing  ammonia  thiough 
given  a  huhstance  which  melts  at  20**  to  21^  which  the 
'  cmlls  paramidoacetoacetic  ester.     Passing  hydrochloric  acid  gas 
*«>acetic  e*4er  gives  a  substance  Cg  HmO^,  which  boils  at 
\i'  ind  the  author  calls  it  carbacetoacetic  ester. 


OOTTSTEIN,  L.,  1883. 

Irm.  Chem.  ai6,  29-38;  J.  Chem,  Sex;.  44,  454;  Ber.  16,  403;  Jsb. 

Chem.  1 88a,  869. 

Two  New  Caprotactones. 

Wliefi  aoetoacetic  ester  is  treated  with   a  brom  propionic  ester,  Ii 
atyric  acid  can  be  obtained,  and  when  sodium  amalgam  acts 

Ofma  IhU,  a  melhyl  i^alero-lactone,  CH3CH<^^'>CHCH3  is  formed. 
"  Htthrl  vmlcro-Uctooc.  CH,<^^^^f>CH  CHp  can  be  formed  in  an 
tale  by  the  action  of  sodium  amalgam  on  ^J  acetobutyric  acid» 
►  f»jvHi^CjH>0;CHtCX)3H.  which  is  formed  from  acetosuccinic  ester. 


JAKSCH,  R,  V,,  1882. 

Bcr,  15,  1496;  J.  Chem.  Soc,  4^.  1120;  Jsb.  Chem.  1882,  1219. 

Occurrence  of  Acetoacetic  Acid  in  Urine. 

mbstaacc  occurring  in  diseasied  urine,  which  gives  a  red  color 
[«lidi  ferric  chlorid.  is  proven  to  be  acetoacetic  acid. 
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HALLER,  A.  AND  A.  HELD,  iSto. 
Compt.  rend.  95.  235  237;  J.  Chem.  Soc.  4^,  1280;  Jsb.  Chem.  1882,  84 
Cyanacetoocctic  Ester  and  its  Derivatives. 

Cyanacetoacetic  ester.  CH3  CO  CH  (CN)  CO^CHj,  was  produc 
by  passing  cyanogen  chlorid  into  sodacetoacetic  ester.  It  is  a  soli 
melts  at  26'  and  remains  in  a  superftised  condition  even  at — 15* ;  t 
liquid  has  a  specific  gra\-ity  of  1.102  at  19!  Potassium  h\'droxid  d 
composes  it.     The  sodium  and  calcium  derivatives  were  described. 


SCHMID,  WILHELM,  188a. 

J.  prakt.  Chem.  IJ3,  81-83. 

New  Method  of  Producing:  Resocyanin. 

Acetoacetic  ester  and  resorcin  react  in  the  presence  of  zinc  chlorid 
form  resocyanin,  which  is  :  C6H3(OH)2C(CH3)  :  CHCOaH  [C  :  OI 
OH  =  1:2:4]. 


WITTENBERG.  MAX,  1882. 

J.  prakt.  Chem.  134.  66-78  ;   J.  Chem.  Soc.  4^,  1289;    Ber.   15,  290^ 
Jsb.  Chem.  1882,  716;  Bull.  Soc.  chim.  39,  72. 

Resocyanin   and   the  Action  of  Acetoacetic  Ester  on    Piienols  i 
Presence  of  Dehydrating  Agents. 

Pyrogallol,  C6H3(OH)3,  and  acetoacetic  ester  react  in  the  presence 
sulfuric  acid  to  form  allylene-digallein,  CsHx.Os,  which  melts  at  23 

^OH 
and  has  the  constitutiou  :  C6H3  -  O—  CH^ 

\0'  V 
CtH, .  O-  CH, 

(  OH       If  orcinol.  C6H3(CHi)(OH) 
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be  used,  a  substance  is  produced  which  answers  either  to  the  formula 

(  CH,-CH, 
Q.EtO,,  which  would  be  CeHj  \  OH      | 

(OH       i     Q 
(OH      V 
CsHj  ]  OH       I 

(  CH  =»  CH,  or  to  the  formula  Cj.Hjo 
rCH,-CH-CH, ) 
0^  which  is  CftHj  -  OH        I  OH  V  CeH, 

^5     !::o05 


(OH       V  •  ^  OH  ^ 

C6H3^0H        I  OH   VC6H3 

(CH,-CH-CHJ 


CERESOLE,  M.,  i88a. 

Ber.  15, 187 1- 1878  ;  J.  Chem.  Soc.  44*  41  ;  Jsb.  Chem.  1882,  860  ;  Bull. 
Soc.  chim.  39»  35- 

Acetoacetic  Acids. 

Acetoacetic  acid,  methyl-,  dimethyl-  and  benzyl- acetoacetic  acids 
Wirt  prepared  by  treating  their  esters  with  an  alkali  in  the  cold,  proving 
this  to  be  an  intermediate  action  in  the  ordinar>^  saponification  of  these 
e-^ters.  The  ease  with  which  these  compounds  decompose,  as  they  do 
Uiow  100',  is  attributed  to  the  f>osition  of  the  carbonyl  and  carboxyl 
^Tou{)s  separated  by  only  one  methylene  or  alkyl  substituted  methylene 
grou[). 


CONRAD,  M.,  1882. 

Bcr.  15,  2133-2134  ;  J.  Chem.  Soc.  44>  177  ;  Jsb.    Chem.    1882,  845. 

Halogen  Substituted  Acetoacetic  Esters. 

The  author  admits  that  his  formerly  described  dibrom-acetoacetic 
cibromid  *  is  probably  only  Duisberg's  tetrabrom-acetoacetic  ester. f 

*  See  page  1 1 . 
^  See  page  54. 
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LIPPMANN,   E.,  i88a. 

Ber.  15,  2142 — 2144.  Jsb.  Chem.  1882,  845. 

The  Position  of  Bromin  in  Acetoacetic  Ester. 

The  author  insists  upon  the  correctness  of  his  former  stateme 
which  Duisberg  denies,  that  a  dibrom-addition  dibrom-substituti 
product  of  acetoacetic  ester,  Ce  Hg  Brj  O3  Br,,  exists. 


MATTHEWS,  A.  E.  AND  W.  R.  HODKINSON,  i88a. 

Ber.  15.  2679  ;  J.  Chem.  Soc.  44,  311  ;  Jsb.  Chem.  1882,  839. 
Production  of  Acetoacetic  Ester. 

Monochlor  acetone,  CH3COCH2CI,  was  treated  with  potassii 
cyanid  and  the  cyanid  of  acetone,  CH3COCH2  (CN),  was  obtains 
This,  when  treated  with  hydrochloric  acid,  gave  acetoacetic  ester. 


YOUNG,  SIDNEY,  i88a. 

Ann.  Chem.  ai6,  45-52  ;  J.  Chem.  Soc.  44,  45^ ;  Ber.  16,  405  ;  Jj 

Chem.  1882.  883. 

Peculiar  Decomposition  of  Substituted  Acetoacetic  Esters. 

CO  I 

When  /5-ethyl-aceto-succinic  ester,    •  C  H  ,  is  heat 

CH I 

CO,  C,  H5  ^^'  ^'  ^5 

it  breaks  down  into  ketolactonic  ester  which  can  be  changed  into  kel 

CH3         O  CH,         O 

It  11 

1    .    •      'A   C-0- c  _  c-o-c 

lactonic  acid,   ^  |  ,  or   |  , 

C CHCHs        CH CHCaHj 

CO,  H  CO,  H  i 
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JANNY.  AL015,  188a. 

Ber.  IS,  2778-2783. 

Acetoxim. 

Near  the  close  of  this  article  the  author  records  having  treated 
acetoacetic  ester  with  hydroxylamin  and  obtaining  a  very  stable,  nitro- 
genous acid  body. 


JAPP.  FRANCIS  R.  AND   F.  W.  STREATFEILD.  1883. 

J.  Chem.  Soc.  43»  27-34. 
Condensation  Product  of  Phenanthraquinone  with  Acetoacetic  Ester. 

These  substances  will  condense  in  presence  of  either  ammonia  or 
an  alkali,  preferably  the  latter,  to  form  phenanthroxylene-acetoacetic 
ester  which  is : — 

CO  CH 
C.  H,-C :  C<QQ^  Ca  H5.     It  decomposes  at  184.5  -i^SS 
CH,-CO 

It  was  reduced  by  hydriodic  acid  by  which  the  acetyl  oxygen  was 
removed  giving  phenanthroxylene-isocrotouic  ester.  This  was  dis- 
'^nved  in  an  alkali  and  by  adding  an  acid  another  substance  was  pro- 
duced which  was  : —  r^    tt      r^u     r>^CH  :  CH^ 

Ce  H4-COOH 
The  investigation  is  being  continued. 


PROPPER,  MAX,  1883. 
Ber  16, 67  :  Ann.  Chem.  2aa,  46  ;  J.  Chem.  Soc.  44.  573  ;  Ber.  17.  14  (c). 

Action  of  Fumins:  Nitric  Acid  on  Acetoacetic  and  on 
Mono-chior-acetoacetic  Esters. 

The  author  has  decided  after  further  study  that  the  two  compounds, 
C^H-O;  N  and  C4  H6  CIO3  N,  obtained  by  these  reactions  are  oxiinido 

'    CH:N  •  OH  CCl:  N  •   OH 

Wies    I  ,    and    I  *  ,  not  nitroso  bodies,  as  he 

CO,  C,  H5  CO,  Q2  H5 

thought  at  first.     His  principal  reason  for  this  belief  is  that  no  cor- 
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responding  body  can  be  formed  from  the  dichlor-acetoacetic  este 
should  be  the  case  if  it  were  the  monad  nitroso  group  which  was  in 
duced. 


CLAISEN,  L.  AND  F.  E.  MATTHEWS,  1883. 

Ann.  Chem.  ai8,  170-185  ;  J.  Chem.   Soc.  46,  443  ;  Jsb.  Chem.  il 
963  ;  Bull.  Soc.  chim.  40,  473. 

Condensation  of  Acetoacetic  Ester  with  Aldehydes. 

By  treating  acetoacetic  ester  with  aldehydes,  the  following  two  o 
pounds  are  formed,  the  first  one  much  more  easily  than  the  sea 
CH3  CO  C  :  (:  CHR)  CO,  C,  H5  and  CH  :  (:  CHR)  COCH,  CO,  C, 
Acet-ethylidenacetic  ester,  CH3  COC  :  (:  CHCH3)  CO,  C,  H5.  mad< 
passing  hydrochloric  acid  gas  through  a  mixture  of  acetoacetic  t 
and  aldehyde  is  a  colorless  liquid  which  boils  at  210!  to  212.* 
specific  gravity  is  1.022  at  15!  It  easily  changes  back  into  aldeh 
and  acetoacetic  ester.  The  following  were  prepared  and  descril 
Acetisobutylidenacetic  ester,  Ce  Hg  (C4  Hg)  O3 ;  acetisamylidenac 
ester,  C6  Hg  (C5  H,o)03 ;  acet-trichlor-ethyliden  acetic  ester,  Ce  Hg 
HCI3)  O3,  which  is  a  aceto-trichlor-crotonic  ester ;  aceto- furfural  a( 
ester,  Ce  Hg  (C5  H4  O)  O3,  which  is  a  acet-furfuracrylic  ester  ;  a 
benzal  acetic  ester  Ce  Hg  (CHCe  H5)  O3 ,  which  is  a  acet-cinna 
ester  ;  benzal-acetoethylacetic  ester,  C6  H5  CH  :  CHCOCH  (C, 
CO,  C,  H5  ;  and  benzalacetodiethylacetic  ester,  Ce  H5  CH  :  CHC 
(C,H5),CO,C,H5. 


DUISBERQ,  C,  1883. 

Ber.  16,  133-139;  Jsb.  Chem.  1883,  11 12. 

Converting   Acetoacetic    Ester  into  Succinosuccinic   Ester  wl 
is  Convertable  into  Hydroquinone. 

Succinic  ester,  made  from  acetoacetic  ester,  was  treated  with  sod 
and  sodium  succinosuccinic  ester,  Ci2Hx406Na2,  prepared.  As  in 
acetic  ester,  the  sodium  caused  «o  reaction  even  at  100°  until  s 
sodium  ethoxid  was  added.     Sodium  succinosuccinic  ester  which 
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CH,  — COCHCO.C2H5 

the  formula    i  I  melts  at  127®  and  was  found  to 

CH,— COCHCOaCaHj 

be  identical  with  the  substance  produced  from  brom-acetoacetic  ester 

and  sodium.     This  can  be  changed  into  hydroquinone,  C6H4  (OH)2, 

so  that  these  reactidns  show  a  case  of  changing  an  acid  of  the  fatty 

series  (acetic)  into  a  benzene  ring. 


PERKIN,  Jr.,  W.  H.,  1883. 

Ber.  16,  208-210;  Jsb.  Chem.  1883,  1015  ;    Bull.  Soc.  chim.  40,  46. 
Action  of  Trimethylene  Bromid  on  Sod-acetoacetic  Ester. 

This  reaction  gives  acetotetramethylene  carboxylic  ester, 

CH3 

I 
CO 

(    I 

C<^2^>CH, 

which  boils    at  223*  to   22s!     From  this  the  acid  and  the  silver  salt 
of  the  acid  can  be  obtained. 


DUISBERG,  C,  1883. 

Ber.  16,  295-297  ;  J.  Chem.  Soc.  44,  656. 
Addition  of  Bromin  to   Acetoacetic  Ester. 

This  article  is  a  reply  to  Lippmann  and  Conrad  on  this  subject.  The 
author  declares  that  acetoacetic  ester  is  saturated  and  cannot  foriii  an 
^'Idilion  product. 


CHANCEL,  G.,   1883. 

Compt.  rend.  96,  1466- 1470  ;  J.  Chem.  Soc.  44»  914  ;  Jsb.  Chem.  1883, 
1078  ;  Ber.  16,  1495. 

New  Method  of  Synthesis  of   Allcylnitrous  Acids. 

Acetoacetic  ester  and  its  alkyl  derivatives  are  treated  with  nitric  acid 
and  then  with  alcoholic  potash  when  the  nitrites  are  formed.     Treated 
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in  this  manner  acetomethyl-acetic  ester  yields  potassium  ethyl  nitri 
CH3  CCNOa)^  K.  Ethyl-acetoacetic  ester  gives  potassium  propyl  nitri 
CH3CH2C(N02)aK.  Propyl-acetoacetic  ester  boils  at  212* 
750  "•"•  pressure  and  has  a  specific  gravity  of  .979  at  o!  When  treal 
with  nitric  acid  it  gives  potassium  butyl  nitrite,  CH3  CHj  CHa  C(NO 
K.  By  acidifying  the  latter  butyl  nitrous  acid  is  obtained,  which  be 
with  some  decomposition  at  197*  and  has  a  specific  gravity  of  1.5 
at  15! 


HANTZSCH,  A.,  1883. 

Ber.  16,  740-742  ;   J.  Chem.  Soc.  44f   1083. 
Condensation   Products  of  Acetoacetic  Esters. 

Strong  sulfuric  acid  acting  on  acetoacetic  ester  produces  ( i )  mesit 

CO  C^  H 
oxid-di-carboxylic  ester,  C6H80<pQ^p^  tt^  (2)  mesityl-oxid-anhyd 

dicarboxylic  ester,  C6H8  0<^^^  ^^  ^5»  and 

CO>^ 

^^«0<C0,C.H5 

(3)  a  crystalline  body,  polymeric  with  dehydracetic  acid  which  is 

dibasic  acid,  the  formula  for  which  is  probably  C14  Hx4  O7  ;  the  nai 

metadehydracetic  acid  is  proposed  for  it.      Ammonia  acts  on  mesit 

CO  C ' 

oxid-anhydrodicarboxylic  ester  to  form  a  salt  Ce  Hg  O  NH3  <  ^^'  ^ : 

CO  Co  H 

which  with  hydrochloric  acid  gives  C6  ^S^^PO^H      ^  ^^^^^  in  ta 

CO  H 

can  be  saponified  to  C6  Hr  O  <  ^^  tt 


CERESOLE,  M.,  1883. 

Ber.  16,  830-832. 

Diethyl-acetoacetic  Acid. 

Diethyl-acetoacetic  ester  is  allowed  to  stand  several  weeks  witk 
10%  solution  of  potassium  hydroxid,  the  salt  produced  is  treated  wi 


i 
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hydrochloric  acid  and  diethyl-acetoacetic  acid,  CH3  CO  0(03115)2 
COiH,  is  thus  produced.  It  is  very  unstable,  decomposing  at  60  into 
dkthyl-acetone,  CH3  CO  OH  (C,  Hj),,  which  boils  at  135'  to  137! 
Dieihyl-acetoacetate  of  sodium  was  produced. 


ELION,  H.,  1883. 

Rec*  trav.  chim.  it  33-34  and  202-204  ;  Ber.  16,  1368  and  2762. 

Diacetyl-acetic  Ester. 

By  treating  ethyl-acetoacetic  ester  with  water-free,  sodium  hydroxid 
and  the  product  with  acetyl  chlorid,  ethyl-diacetyl-acetic  ester  was 
produced,  it  boils  at  235.'  Acetoacetic  ester  treated  thus  gives  diacetyl- 
acetic  ester  which  boils  at  210' to  213' with  some  decomposition,  its 
specific  gravity  is  i.i  at  15!     It  is  decomposed  by  boiling  with  water. 

•  Original  article  not  consulted. 


MATTHEWS,  F.  E.,  1883. 

J.  Chem.  Soc.  43*  200-207  ;  Ber.  16,  1372. 

Condensation   Products  of  Aldehydes  with  Acetoacetic  Ester  and 
some  Substituted  Acetoacetic  Esters. 

This  article  is  almost  the  same  as  the  one  by  Claisen  and  Matthews 
in  TAnn.  Chem.  ai8,  170.  The  author  concludes  that  all  aldehyde 
condensations  with  acetoacetic  ester  take  place  with  the  methylene 
?^oup  and  are  easily  accomplished  because  of  the  position  of  the 
raethylene  group  between  the  carbonyl  and  carboxyl  groups,  but  that 
5tich  condensations  with  mono-or  di-substitution  acetoacetic  ester  take 
place  in  the  methyl  group  and  consequently  are  more  difficult  to  ac- 
<^mplish. 

^Seepage  40. 
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PERKIN,  Jr.,  W.  H..  1883. 

Ber.  16,  1787-1789;  J.  Chem.  Soc.  44f  1083;  Jsb.  Chem.  1883,  101 

Action  of  Trimethylene  Bromid  on  Acetoacetic,  Benzoylacetii 
and  Malonic  Esters. 

By  the  action  of  trimethylene  bromid  on  acetoacetic  ester,  aceto-tet 

CH3 
I 
CO 

methylene  carboxylic  ester,  C  <^fi^>CHa,  is  formed  which  is  isome 

COaCaHj 

but  not  identical  with  allyl-acetoacetic  ester.     From  this  is  obtain 
aceto-tetramethylene,    CH3COCH  (CH2)3,  which  boils  at  109'- 11 

C6H5 

CO 

Benzoyl-tetra-methylene  carboxylic  ester,  C  <!;"'> CH,,  was  form 

I       Lrla 

COaCaHj 
from  tri-methylene-bromid  and  benzoyl -acetic  ester  and  from  it  the  ad 
the  silver  salt  and  benzoyl-tetra-methylene,  CeHjCOCH  (CH2)3.  w< 
obtained. 


WEDEL,   WILHELM,    1883. 

Ann.  Chem.  ai9»  71  119  ;  J-  Chem.  Soc.   46,  834;  Jsb.  Chem.   i8fl 
1060;  Bull.  Soc.  chim.  4i.  181  ;  Ber.  16,    2288. 

Derivatives  of  Acetoacetic  Ester. 

By  treating  dibrom-acetoacetic  ester  with  sodium,  an  ester,  Cel 
O3.  is  produced  and  from  this  its  acid,  C4  H3  O3.  These  resemble 
properties  Duisberg's  oxytetrolic  acid  and  ester,  but  the  author  decid 
that  the  ester  is  identical  with  Herrmann's  quinon-hydrodicarboxy] 
ester  of  the  formula  C12  H14  06.  By  the  action  of  acetyl  chlorid  on  tl 
ester,  a  diacetyl  compound  is  formed  which  the  author  takes  as  pro 
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of  the  existance  of  the  hydroxy  1  group  in  both  quinon-hydrodicar- 

CH, CHa 

I  I 

boxvlic  ester  and  acetoacetic  ester  thus : — COH         COH  and 

II  II 
C C 

COaCaHjCOaCaHs 

COH      or       COH 

CH  CHa 

COaCHj  COa  Ca  Hj.  By  the  action  of  bromin  on  acetoacetic  ester 
the  mono-,  di-,  and  tri-derivatives  only  could  be  formed,  therefore  it 
was  decided  that  all  compounds  seeming  to  have  more  than  three  atoms 
of  bromin  are  mixtures  containing  some  per-brom- acetoacetic  ester, 
C^BfjoOj,  which  was  formed  and  which  melts  at  79!-8o°  By  heating 
roono-brom-ethyl-acetoacetic  ester  ethyl -succino-succinic  acid  is  pro- 
duced,    CH, CHa 

I  I 

which  is  CO  CO  ,  according  to  the  common  formula  for 

aCaH,)-C(CaH5) 

CO,  H  COa  H 

CH CH 

■I  II 

acetoacetic  ester  or  COCa  H5         COCa  H5,    according  to   the   author's 

CH CH 

COa  H  COa  H 

Jonnula.  Acetoacetic  ester  is  decomposed  by  being  heated  to  140**  with 
acetic  acid.  Acetyl  chlorid  decomposes  acetoacetic  ester  and  some 
carbacetoacetic  ester  is  formed,  which  shows  the  presence  of  hydroxyl 
in  acetoacetic  ester  with  which  the  acetyl  chlorid  formed  hydrochloric 
acid  which  produced  the  carbacetoacetic  ester.  Glycolic,  oxalic  and 
'>occinic  acids  decompose  acetoacetic  ester  into  carbon  dioxid  and 
acetone. 
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HANTZSCH.  A..  1883. 

Ber.  16,  1946-1948  ;    J.  Chem.  Soc.  44*  1082  ;  Jsb.  Chem.  1883,  1068. 

Condensation  of  Acetoacetic  Methyl    Ester  with 
Aldehyde-ammonia. 

This  condensation  is  entirely  similar  to  that  with  the  ethyl  ester,  a 
dihydro-collidin-dicarboxylic  methyl  ester,  C5  N  H^  (CH3)3(C02CH3)a. 
being  formed.  From  this  were  formed  dihydro-collidin-monocarboxylic 
methyl  ester,  C5  NH^  (CH^)^  H  (CO,  CH3),  and  cx>llidin-dicarboxylic 
methyl  ester,  C5  N  (CH3)3  (CO,  CH3),. 


HANTZSCH,  A.,  1883. 

Ber.  16,  1948- 1 952  ;  J.  Chem.  Soc.  44»  mi  ;  Jsb.  Chem.  1883,  1069  ; 
Bull.  Soc.  chim.  4^,  182. 

Condensation  of  Acetoacetic  Ester  and  Ortho-amidophenol. 

These  substances  condense  as  follows  : 

C6  H4<j^j^  +0:C  <CH^C0,C,H5  ^  ^^^^<^n^^  ^CH^^CO^Ca 
Hs+H^O. 

The  product,  very  unstable,  being  easily  decomposed  into  its  com- 
ponents, melts  at  107°- 108!*  A  potassium  salt,  C24H29KO6N2.  was 
formed  ;  one  hydrogen  atom  of  the  amid  group  of  every  two  molecules 
apparently  being  replaceable. 


PECHMANN,  H.  v.  AND  C.  DUISBERQ,  1883. 

Ber.   16,2119-2128;  J.  Chem.  Soc.  46,  66;  Jsb.   Chem.    1883,   1065; 
Bull.  Soc.  chim.  4^,  587. 

Compounds  of  Phenols  and  Acetoacetic  Ester. 

In  the  presence  of  a  dehydrating  agent  phenols  and  acetoacetic  ester 
react  to  form  substituted  coumarins. 
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Ifresorcin,  C6  H4  (OH)a,  is  used  ^methyl-umbelliferone, 

CxH  OH<r^  (CH3):  CH, 
^6  ^3  ^^^o  CO 

is  fonned  which  when  treated  with  potassium  hydroxid  gives  resaceto  • 

phenon.  C6H3  (OH),  CO  CH3.    The  methyl  ester  and  the  carboxylic  acid 

of  ^Jmethyl-umbelliferpne  were  formed.     a-^-Di-methyl-umbelliferone, 

Cs  H3  (OH)  <g  (^^^>=  g(^^^3^ 

was  formed  from  resorcin  and  dimethyl- acetoactic  ester.    Metatoluene-/9- 

C  rCH  ^  •  CH 
mcthyl-coamarin,  C6  H^  CH^<q/       ^^ '  pQ    was    formed  from   para- 

cTcsol.  Ce  H4  OH  CH3,  and  acetoacetic  ester. 


PERKIN,  Jr..  W.  H.,  1883. 

Ber.  16,  2136-2140  ;  J.  Chem.  Soc.  46,  64. 

Action  <»f  Ethylene  Bromid  on  Acetoacetic  and  Benzoyl-acetic  Esters. 

From   acetoacetic   ester,    ethylene   bromid   and   sodium,    aceto-tri- 

CH3 

I 
^      CO 

I      CHa 
methylene  carboxylic  ester,  C  <  I        ,  is  formed,  which  boils  at  10-;°  to 

I       CH, 
CO,  C,  H5 

i9>  The  acid  and  the  silver  salt  were  obtained.  Benzoyl-trimethy- 
lene  carboxylic  ester  and  acid  and  benzoyl-trimethylene  were  also 
prodticed. 


GEUTHER.  A.,  1883. 

Ann.  Chem.  319,   1 19-128;  J.   Chem.   Soc.   4^,  836;    Ber.  16,    2290; 
Jsb.  Chem.  1883,  1065  • 
Constitution  of  Acetoacetic  Esters  and  of  Benzene. 

The  formation  of  tri-brom- acetoacetic  ester  by  Wedel  and  the  forma- 
tion of  acetoacetic  ester  from  acetic  ester  are  cited  as  proof  of  the 
formula  CH3  COH  :  C  H  CO,  C,  H5  and   against  CH,  :  COH  CH,  CO, 
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Ca  H5.  Attention  is  called  to  the  colors  produced  by  acetoacetic  i 
pounds  and  phenol  compounds  with  ferric  chlorid  as  indicating 
their  similarity  that  these  bodies  are  similarly  constituted.  Comi 
is  made  upon  changing  the  fatty  acid  into  the  benzene  ring  as  poi 
out  by  Wedel,  that  is,  acetic  ester  into  acetoacetic  ester  and  this 
quinonehydrodicarbox3'lic  ester  and  this  finally  into  hydroquinone 


JAKSCH,  R.  v..  1883. 

*Ztschr.  physiol.  Chem.  7f  487-490.    Ber.  16,  2314. 

Acetoacetic  Acid  in  Urine. 

The  author  states  that  he  published  a  paper  in  1880  identic 
acetoacetic  acid  in  urine,  he  therefore  claims  priority  to  Tollens  t  ( 
■4.  2594). 


*  Original  article  not  consulted, 
t  See  page  31. 


KNORR,  L.,  1883. 

Ber.  16,  2593-2596  ;  J.  Chera.  Soc.  46.  334  ;   Bull.  Soc.  chim.  4^*  i 

New  Synthesis  of  Quinolin    Derivatives. 

By  varied  conditions  a  reaction  between  acetoacetic  ester  and  as 

is  obtained  which  forms  the  compound  CH3  C  (NCe  H5)  CH^  CO2  C, 

which  is  very  unstable.     If  the  reaction  be  interrupted  by  adding ; 

furic  acid,  y  oxy-«-raethyl  quinolin  is  obtained,  which  comes  from 

compound  cited  above  by  its  losing  alcohol  thus  :  CH3  C  (NC6  H5)  < 

N=  CCH3 

CO,C2H,=C6H.<  I  -f-C.HcOH.    It  melts  at  222    * 

C  (OH)  :  CH  ^ 

intermediate  anilin-acetoacetic  acid,  CH3C  (NCeHj)  CHjCOaH, 

also  obtained. 
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KNORR,  L.,  1883. 

Ber.  16,  2597-2599;  J.  Chem.  Soc.  46,  302;  Jsb.  Chem.  1883,  795; 
Bull.  Soc.  chim.  4^,  655. 

Action  of  Acetoacetic  Ester  on  Phenylhydrazin. 

T\Tien  these  substances  react  there  is  formed  CH3  C  (HNj  Ce  H5) 
CH,  QO2  Ca  H5.  If  this  be  heated  on  the  water  bath  alcohol  is  given 
off  and  a  body  Cio  H,©  Na  O,  is  left  which  melts  at  127';  it  resembles  car- 
bostyril ;  its  constitution  is  unknown.  When  it  is  heated  with  an 
excess  of  phenylhydrazin  its  anhydrid  C20  Hxs  N4  O  is  produced, 
which  from  its  reactions  is  shown  to  contain  a  hydroxyl  group. 


WISLICENUS,  J..  1883. 

Ann.  Chem.  219,  307-321  ;  J.  Chem.  Soc.  44»  966  ;  Jsb.  Chem.  1883, 

980. 

Methyl-^9-butyl  Ketone  and  its  Derivatives. 

Ethyl-methyl-acetoacetic  ester  is  saponified  and  methyl-/3-butyl 
ketone,  CH3COCH  (CH3)  (C2H5),  obtained,  it  boils  at  118°  and  has  a 
specific  gravity  of  .818  at  14.5!  By  treating  it  with  sodium  and  water 
two  products  were  obtained,  methyl-/9-butyl  carbinol, 

CH3CHOHCH— 
CH3  CH3 

-(CHjXCHj),  and methyl-/9-butyl  pinacone,  COH  —       COH 

CHCH,       CHCH3 

C2  H5  C2  H5 

Methyl-^-butyl     carbinol    is    changed    into    the    iodid    and    then 
by  substituting    hydrogen    for  this    iodin   methyl-di-ethyl-methane, 

H 
CjHs  — C— CH3,  is  formed. 

CaHs 
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HECKMANN,  JACOB,  1883. 

Ann.  Cliem.  220,  128-146  ;   Ber.  16,  2675  ;  J.  Chem.  Soc.  46.  178 
Jsb.  Chem.  1883,  1147  ;  Bull.  Soc.  chim.  4^,  54. 

Dinitro-phenyl-acetoacetic  Ester. 

By  treating  sodacetoacetic  ester  with  dinitro-brom-benzene,  diniti 
phenyl-acetoacetic  ester,  CH3  CO  C  H  [C6  H3  (NO2)  2]  CO,  C,  E 
is  produced,  it  is  crystalline  and  melts  at  94.°  From  this  is  produce 
by  potassium  hydroxid,  ortho-para-dinitrophenyl  acetic  acid,  CHj 
H3  (N02)2C02  H,  which  melts  at  i6o'  and  some  di-nitro-toluol, 
H3  CH3  (N02)2.  By  means  of  boiling  alkalis  several  complicat 
decomposition  products  are  obtained  C24  Hig  Ns  0,5,  melting  at  105. 
and  from  this,  C24  Hx6  K,  Ne  O15,  C48  H32  Ne  0,9  and  a  silver  si 
C48  H29  Ag3  N6  0,9. 


PAAL.  C,  1883. 

Ber.  16,  2865-2869  ;  J.  Chem.  Soc.  46.  598  ;  Jsb.  Chem.   1883.   I22< 
Bull.  Soc.  chim.  4a,  541. 

Action  of  Brom-acetophenon  on  Sodacetoacetic  Ester. 

These  substances  react  with  separation  of  sodium  bromid  to  foi 
CIl,  COCH  (CH2  COC6  H5)  CO2  C2  H5  ,  which  easily  decomposes  in 
tlicacid  and  then  into  acetophenon acetone,  (CeHsCOCH^^CHiCOCH 
When  acctophenonacetoacetic  ester  is  boiled  with  potassitim  hydiax 
an  arid  C,,  11, „  O^ ,  is  formed  by  the  separation  of  alcohol  and  watt 


ROSER,  W..  1883. 

Ann    Chcni.  JJo,  271-278  :  J.  Chem.  Soc.  4^  4^5. 

iMopropyl-succinic  or  Pimelic  Add. 

I>*;j/f'/|»Nl  Mitiiiiio   i\c\i\    was   made   from   acetoacetic  csaor. 
I  L!'ii\»«  c  i:«  oui  and  iM>ptopyl  iixiid,  the  acetyl  being  resDcwnei  jmi  d 
c^!c  f    ./hiaiiKil   Ikihj*   ihaiiKc'd   lo  the  acid.     This  was  niv?tqi  tD  1 


from  calilphwih    a«  1«1 
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WESTENBERQER,  BERNHARD,  1883. 

Ber.  t&,  2991-2998  ;  J.  Chem.  Soc.  46,  581  ;  Jsb.  Chem.  1883,  978  ; 
Bull.  Soc.  chim.  4>f  444. 

Isonitroso  Bodies. 

The  action  of  hydroxylamin  on  acetoacetic  ester  is  given  on  page 
2996  of  this  article.  Prom  this  reaction  ^-isonitroso-butyric  ester, 
CH3C(NOH)CHaCX)aCaH5,  results  which  is  very  unstable.  The 
acid  is  formed  from  it.  Isonitroso-methyl-acetoacetic  ester,  CH3C 
(X0H)CH(CH3)COaC,H5,  and  the  corresponding  ethyl- and  di- 
ethyl- products  were  produced  from  the  corresponding  substituted 
acttoacetic  esters,  proving  the  reaction  to  be  a  general  one. 


HANTZSCH,  A..  1883. 

.\nn.  Chem.  aM,  1-46  ;  Ber.  I7f  12  (C)  ;  Jsb.  Chem.  1883,  1070  ;  Bull. 
Soc.  chim.  4^f  502. 

Condensation  Products  of  Acetoacetic  Ester. 

Acetoacetic  ester  treated  with  sulfuric  acid  gives  a  condensation 
product  CiR  H22  O9  ,  which  is  formed  from  four  molecules  of  acetoacetic 
wier  hy  the  separation  of  three  molecules  of  alcohol.     Its  formula  is 

(OH        COaCaHs) 

C  H-  -  CO,H  CO,  H         ^  C6  H7 .        When    treated    with    potassium 
(CO  — O  ) 

(O    ^ 
nydrr>xid  and  an  acid  it  yields  two  products,   i )  Ce  H7   <  CO  ^  ,  called 

(CO.H 

mesiten-lactone-carboxylic  acid,  and  2)  its  ethyl  ester.     The  radical 

'  Cti  H,)'  being  designated  as  mesiten.     The  mesiten-lactone-carboxylic 

CO,H 
I 
acid  or  isodehydracetic  acid  hastheformula  CH3  —  C  :  C  •  C  (CH3)  :  CH, 

O CO 
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and  with  potassium  hydroxid  it  yields  mesityl  oxid.  It  is  a  monobas 
acid  and  many  of  its  metallic  salts  were  described.  A  few  complicate 
salts    were    investigated    which    appeared    to  come  from   the  aci< 

fOH  ^ 

C6H7   -^COjH.     Mesiten-lactone,    Ce  Hg  <po>  ,  was  produced  an 

(C0,H  ^^ 

CO  H 

described  and  also  oxymesitencarboxylic  acid,  C6H8<qtt     ,  and  i 

barium    and    calcium    salts.       Mesiten-lactone-carboxylic    ester, 

Cfi  H7  \  CO>          ,  or  CHj  —  C  :  C  •  C  (CHj)  :  CH  ,  is  unstable,  tent 
<CO,C,H3  ^ >^^ 

to  take  up  water,  its  boiling  point  is  not  constant,  it  boils  between  27c 

(O  fONH^ 

and  3ior     CeHeBr  J  CO>  ,  and   also   CeHy  ^  CO,  NH4  ,    wei 

(CO.C.H5  (CO.C.H5 

prepared  and  described.  The  latter  easily  loses  ammonia,  and  whe 
heated  with  water  and  hydrochloric  acid  it  gives  oxymesitendicarboxyli 

(OH 
acid  ester,  Ce  H7  <  CO,  H       ,  which   melts  at   76**   and  easily  lose 
(  CO,  C,  H5 

rOH 
water  to  form  the  lactone.  It  forms  salts  of  the  formula  C6H7  \  CO2  M 

(  COaCH^ 

of  which   the  copper  and  lead   salts  were  described.     The  lacton 

treated    with    potassium    hydroxid    produces  homo-mesaconic    add 

CO,H 
I 
Ha  C  -  C  (CH3)  :  CH  -CO2  H  ,  melting  at  147.'    It  forms  acid  and  noi 

mal  salts,  the  barium,  calcium,  copper,  silver,  acid  potassium  and  acw 

ammonium  salts  were  described.     The  author  concludes  that  Duisberg*; 

carbacetoacetic  ester,  Cs  H10O3  ,  is  identical  with  his  mesiten-lactone 

carboxylic  ester  and  also  that  the  hydroxyl  group  does  not  exist  il 

acetoacetic  ester  but  that  an  intermolecular  change  occurs  during  con 

densation,  the  two  acetoacetic  ester  molecules  first  lose  water  and  an 

connected,  then  an  intermolecular  change   forms  a  hydroxyl  grotq 

which  gives  up  its  hydrogen  to  form  the  lactone.     The  author  thinlD 

the  general  case  to  be  true  that  where  such  a  group  as  Xa  C  :  C  (OH)  S 

occurs  it  will  change  into  X2  CH  -  COX  but  can  change  back  to  tbn 

hydroxyl  form  again  during  a  reaction  such  as  the  forming  of  a  lactone 
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BEHRBND.  ROBERT,  1883. 
r  16,  3027-3028  ;  J.  Chan.  Soc.  4^^  5S5, 
Action  of  Carbamld  an  Acetoacetic  Ester. 

Tbest  snbstaoces  uttUe  thus  : 

C*H,«0,  +  (NH.).  CO  =  C7  H,.  N,03  +  H,0. 

TbepfDdoct  fbfnned  b  CTystaUine  and  melts  at  147.*  Acids  decom- 
pose it  into  acctoacetic  ester  and  carbatnid  again.  From  it  can  be 
fteincd  the  sodium  salt  of  the  acid  C^HgN^  O3 »  which  is  C^H.NaN.Oj . 
The titibor  in  investigating  the  structure  of  the  compound. 


JAMES.  J.  WM.,  1M4. 

aa6,  202-222  ;  J.  Chera,  Soc.  47.  i-u  :  Ber,  i7t  604  (C). 
Jsb.  Chem.  1884,  1120. 

Acetoacetic  Ester. 

Ac5cnrd;ng  to  Wcdel.  cthyl-acetoacetic  ester  is  CH^COCHs  CHCOaR 
and  sodittracihylaceloaeetic  ester  would  be  CH^  CO  Na  :  C  (C.Hj)  CO,R, 
K^tlutif  it  wwT  treated  \%ith  acetic  acid  an  isomeric  ethylacetoacetic 
csier&faciuld  be  ohtaiiied,  but  the  author  proves  that  an  identical  ethyl- 
Krtoaccl?'  recovered.     Experiments  were  made  to  determine  if 

tbe  order-,  , ,  /Juctiou  of  alkyl  radicals  in  the  di-substitution  pro- 
^«t»  ftffect^  the  products.  No  difference  could  be  detected  between 
tIlyt*Bictfayl*acetQacettc  ester  and  methyl-allyl-acetoacetic  ester  or 
^•UJi  rthyl- methyl-  and  methyl-ethyl-acetoacetic  esters.  Acetyl- 
Wrttecctk  ester  was  produced  from  acetoacetic  ester  and  acetyl  chlorid. 
tt  bik  at  20o**-2O5®  with  slight  decomposition.  It  is  decomposed  by 
•ilier  «t  ordinary-  temperatures  into  acetoacetic  ester.  The  copper 
»4  Qickel  compounds  were  described.  An  attempt  was  made  to 
^Wtttie  the  hydrogen  by  sodium  but  it  failed  as  decomposition  took 
?lte.  The  acetyl-methyl-acetoacetic  ester  was  prepared  from  methyl- 
•^oacrtic  ester  and  acetyl  clilorid,  Benzoyl-acetoacetic  ester,  CH3 
ttCB(COC6  H5)  CO,  Ct  H5 ,  and  its  copper  compound  were  prepared 
ld»cribed. 
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JONES,  E.  Jm  1884. 

Ann.  Chem.  226,  287-294 ;  J.  Chem.  Soc.  4®,  376  ;  Jsb.  Chem.  i8i 

1 188. 

Decomposition  of  a-Methyl-propyi-^-oxybutyric  Acid  by  Heat 

This  substance,  CH3CHOHC  (CH3)(C3H7)  CO.  H,  is  obtained 
the  action  of  sodium  amalgam  on  methyl- propyl-acetoacetic  est< 
Heated  to  170®  it  decomposes  into  acetaldehyde  and  methyl-prop 
acetic  acid.  When  methyl -propyl-acetoacetic  ester  is  saponified 
yields  methyl-a-secondary  pentyl  ketone,  CH-3  COQH  (CH3)  (C3  H 
which  boils  at  142*^  to  147*^  and  methyl-propyl-acetic  acid  which  bo 
at  193: 


COLLIE,  J.  NORMAN,  1884. 

Ann.  Chem.  226,  294-322 ;  J.  Chem.  Soc.  4^9  373 ;  Ber.  18,  25  (C 
Jsb.  Chem.  1884,  11 16. 

Action  of  Ammonia  on  Acetoacetic  Ester. 

Paramido-acetoacetic  ester,  CeHuNOa,  is  formed  which  may  1 
either  CH3  C  (NH^)  :  CHCO,  C.  H5  or  CH3  C(:  NH)  CH,  CO.  Ca  H5. 
is  easily  decomposed  into  the  substances  started  with.  Sodium  ama 
gam  changes  it  into  )9-oxy butyric  acid.  It  reacts  with  acetic  ac 
anhydrid  to  produce  )9-acetamido-a-crotonic  ester,  CH3  C  (NHCOCHj 
CHCO2  C,  H5 .  When  heated  it  condenses  to  C,o  H,3  NO3  from  whic 
the  acid  Cg  H9  NO3 ,  can  be  produced,  which  is  hydroxylutidin-mom 
carboxylic  acid, 

I 

c 

HC        C  — CO,H 
HOC        CCH, 

N  ■'■     '■  ■'! 
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When  treated  with  paraldehyde  and  stdfuric  acid  it  gives  dihydrocollidin 
dicarboxylic  ester. 


i 

«' 

/ 

\ 

CH3CH 

CCOaCH, 

CHjCH 

CCOaCH, 

\ 

/ 

N 

CANZONERI*  F.  and  O.  SPICA,  1884. 

Gazz  *  chim.  I4t  44^-453 ;  B^-  '^^  107  (C) ;  J.  Chem.  Soc.  4^,  75. 
Action  of  Amids  on  Acetoacetic  Ester. 

Fonnamid  reacts  with  acetoacetic  ester  to  form  lutidin-mono-  and  di- 
orboxyhc  esters  and  a  compound  C,a  H,5  NOa  ,  to  which  is  attributed 
the  formula 

NH,  NH 

CH c  — CH  — C  — O  — CHj  CH—    C     CH,— COCaHs 

"I                             or     I'              II  II 

C  C  =  C C  — H  C    0=0 C— H 

O-CHj  O  — CaHj 

The  results  of  the  reaction  when  acetamid  is  used  will  be  given  later. 

^Original  article  not  consulted. 


CHANLAROPP,  MOEHSIN  BEQ,  1884. 

Ann.  Chem.  aa6,  325-343  ;  Ber.  18,  26  (C)  ;  J.  Chem.  Soc.  4^,  374. 

Butyrolactone. 

This  is  quite  a  long  article  on  butyrolactone  which  is  produced  from 
acttoacetic  ester  as  follows : 
CH3COCHNaCO,C^H5+  CH,ClCH,OH=:CH3COCHCOaC,H5  . 

CH,CH,OH 
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This  substance  treated  with  barium  hydroxid  and  then  an  acid  g 
CHa  CO2  HCH2  CH2  OH ,  which  upon  heating  gives  the  butyrolact< 
Cxis  CHj 

CH2CO  ^^' 


ELION,  H.,  1884. 

Rec.*  trav.  chim.  3»  231-270 ;  Ber.  i7»  56S  (C). 

Ethyl-sodacetoacetic  Ester  and  Sodacetoacetic  Ester. 

Ethyl-sodacetoacetic  ester  hydrate,  Cg  H,3  Na03+  H26 ,  and  sodi 
toacetic  ester  hydrate,  C6H9Na03+ H2O,  were  prepared.  Sodi 
bisulfite  forms  a  compound  with  acetoacetic  ester  but  will  form  n 
with  diacetyl- ,  ethylacetyl-  and  ethyldiacetyl-  acetic  esters.  Etl 
diacetyl-acetic  ester,  CH3COC  (C,  H5)  (C,  H3  O)  CO,  Ca  H5  ,  could 
be  prepared  from  sodium  diacetyl-acetic  ester  but  could  be  from  etl 
acetoacetic  ester  and  acetyl  chlorid. 


♦Original  article  not  consulted. 


HELD,  Am  1884. 

Compt.  rend.  gS,  522-525  ;  Bull.  Soc.  chim.  4>«  330 ;  J.  Chem.  Soc 
727;  Jsb.  Chem.  1884,  1121  ;  Ber.  17,  204  (C). 

Ethyl-  and  Methyl-cyanacetoacetic  Esters. 

The  esters  could  not  be  prepared  from  the  cyan-acetoacetic  esters 
were  successfully  prepared  by  treating  ethyl-acetoacetic  ester  I 
methyl-acetoacetic  ester  with  cyanogen  gas.  Ethylcyanacetoao 
ester  boils  at  105°-!  10°  under  15  to  2  m.m.  pressure,  its  specific  grai 
is  .976  at  20!  Methylcyanacetoacetic  ester  boils  at  90^-95®  under 
to  20  m.m.  pressure,  and  has  a  specific  gravity  of  .996  at  20.*  1 
decomposition  products  with  potassium  hydroxid  show  that  the  I 
mulse  must  be  CH3COC  (CN)(C,  H5)  CO^CaHj  and  CHiCOCCC 
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WELTNER,  A.,  1884. 

Ber.  17.  66-73  ;  J.  Chem.  Soc.  4<^,  746;  Jsb.  Chem.  1885,  1415  ;  Bull. 
Soc.  chim.  43*  336. 

Action  of  Chlor-  and  Brom-acetone,  Aceto-phenon   Bromid   and 
Phenyl-brom-acetic  Acid  on  Acetoacetic  Ester. 

Chlor-  and  Brom-acetone  act  on  acetoacetic  ester  but  no  definite 
results  were  obtained.  Aceto-phenon  bromid,  Ce  H5  COCH,  Br,  acting 
on  acetoacetic  ester  produces  aceto-phenon-acetoacetic  ester,  which, 
when   treated    with    sodium    amalgam    becomes   a   hydroxylactone, 

CH3CHOHCH<^q'>  CHC6H5.        Phenyl-brom-acetic    ester    and 

acetoacetic  ester  produce  phenyl-aceto-succinic  ester, 

CH3  CH3 

I  I 

CO  C6  H5        ;  from  this  the  ketone  acid,  CO     Ce  H5  , 

CH  CH  CH,  CH 

COaCHj     CO,C,H5  CO2H 

is  formed,  and  from  this  by  the  action  of  sodium  amalgam  the  lactone, 

CH.CHCH3^^'  IS  formed. 


CANZONERI,  F.  and  Q.  SPICA,  1884. 

Gazz*  chim.   I4»  491-492;  Ber.  18,  141  (C)  ;  J.  Chem.  Soc.  4^,  750. 

Acetyl-^^imidobutyric  Ester. 

By  heating  acetoacetic  ester  with  acetamid  and  aluminum  chlorid 
under  reduced  pressure  there  is  produced  acetyl-/9-imidobutync  ester 
which  melts  at  64'  to  65!     Its  formula  is 

CH3  CO  —  N  =  C  (CH3)  CH,  CO.  C,  H5 . 
*Original  article  not  consulted. 
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PERKIN,  W.  H.,  1884. 

J.  Chem.  Soc.  45*  493  and  540. 

Magnetic  Rotary  Polarization  of  Compounds  in  Relation  to 
Chemical  Structure. 

Tables  of  very  many  substances  are  given,  among  them  are 
Acetoacetic  ester  at  16.25°  specific  rotation  =0.9278  and  molcco 
rotation  =6.501.  Allylacetoacetic  ester  at  13.9°  specific  rotat 
=  1.09022  ;  molecular  rotation  =  10.382. 


KNORR,  L.,  1884. 

Ber.  17.  546-552;  J.  Chem.  Soc.  4<^»  "53;  Jsb.  Chem.,   1S84,  ^', 
Bull.  Soc.  chim.  43$  406. 

Action  of  Acetoacetic  Ester  on  Plienylhydrazin. 
Quinizin  Derivatives.* 

The  compound  Cio  H,o  Nj  O  ,  before  described,  is  now  supposed 
have  the  formula 

CH         — NH 
/  \      N      I 
HC      C/    \CCH3, 

I         I  I 

HC      C  CHa 

\/    \     / 

c      c 

H        O 

and  is  named  oxymethylquinizin.     The  reaction  between  phenyl! 

draziu  and  acetoacetic  esters  is  general  and  consists  of  two  parts 

(i)  C6  H5  NHNH,  +  CH3  COCH.CO^  R  =  CH3  CCH,  COa  R 

A 
HN-N-C6H5 

and  (2)  this  loses  alcohol  and  leaves  CH3  CCHj  CO 

A         I 
HN-N-C6H4. 

This  substance  was  studied  and  a  number  of  its  derivatives  describi 

among   them   were  orthotoluoxymethylquinizin,    paratoluoxymeth; 

quinizin  and  ;9-napthodimethyloxyquinizin. 


*See  page  49. 
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PAAL,  Cm  1884. 

Ber.  I7»  913-918  ;  J.  Chem.  Soc.  4^,  1177  ;  Bull.  Soc.  chim.  43.  626. 
Derivatives  of  Acetoptienon-acetoacetic  Ester. 

CH3COCHCOa  Ca  H5  , 

Acetophenon-acetoacetic  ester,  I  when  saponi- 

CHa  COC6  H5 

fied  yields  acetophenonacetone,  CH3  COCH,  (CH2COC6H5),  from 
which  were  produced  two  isomeric  compounds  CuHjoO,  one  of 
which  melts  at  4i°-42®,  boils  at  235°  to  240°  and  yields,  on  oxidation, 
benzoic  acid.  The  acid  C12  Hio  O3 .  previously  described,  gives  by 
oxidation  benzoic,  acetic  and  carbonic  acids.  An  oil  da  H9  O3  Cj  H5  , 
was  produced  from  this  acid.     The  work  is  being  continued. 


LIEBERMANN,  C.  and  S.  KLEEMANN,  1884. 

Bct.  17,  918-921  ;  J.  Chem.  Soc.  4^,  11 20;  Jsb.  Chem.   1884,   11 58; 
Bull.  Soc.  chim.  43.  628. 

Metliyl-propyl-acetic  Acid. 

This  acid,  produced  from  methyl- propyl-acetoacetic  ester  which  was 
made  from  methyl-acetoacetic  ester  and  normal  propyl  iodid  is  proven 
tf)  be  identical  with  the  acid  of  the  same  name  produced  from  saccha- 
rose. 


PERKIN,  Jr.,  W.  H.,  1884. 

Ber.  17,  1440-1444  ;  J.  Chem.  Soc.  4<^»  1154  ;  Jsb.  Chem.  1884,  ro8i 
Bull.  Soc.  chim.  44*  538. 

Trimettiylene  Derivatives. 

Aceto-methyl-tri-methylene-carboxylic  ester, 

CH3 

I 
CO 

I       CHCH, , 
C<i 

I       CH, 
CO2C2H5 
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formed  from  acetoacetic  ester  and  propylene  bromid,  boils  at  210 
215!  From  it  were  produced  the  free  acid  and  aceto- methyl- trimet 
lene. 


PERKIN,  Jr.,  W.  H.  and  C.  BERNHART,  1884. 

Ber.  17.  1522-1527;  J.  Chem.  Soc.  4<^,  1121. 

Dehydracetic  Acid. 

Dehydracetic  acid  and  hydroxylamin  form  dehydracetoxim,  C7  H 
CNGH ;  dehydracetic  acid  and  phenylhydrazin  form  dehydra 
phenylhydrazin,  Cg  Hs  O3  NNH  C6  H5.  Monobromdehydracetic  1 
melting  at  136''- 137°  was  obtained  and  if  this  be  allowed  to  stand  1 
alcoholic  potash  it  forms  hydroxyl  dehydracetic  acid,  C8H7  04< 
which  melts  with  decomposition  at  250**  to  255!  The  silver  salt,  C 
O5  Aga,  was  formed  showing  the  acid  to  be  dibasic.  By  careful  tr 
ment  of  dehydracetic  acid  with  cold  potash  an  oil  was  obtained  wl 
was  thought  to  be  acetoacetic  acid. 


RICHTER,  V.  v.^AND  H.  MUNZER,  1884. 

Ber.  I7»  1926-1930;  J.  Chem.  Soc.  4^,  1342;  Jsb.  Chem.  1884,  ic 
Bull.  Soc.  chim.  44*  242. 

Benzene-aau)   Ketone. 

Benzene-azo-acetoacetic  ester,  CH3  CO  CH  (N,  Ce  H5)  CO,  C, 
formed  from  acetoacetic  ester  and  diazobenzene  chlorid  melts  at 
When  saponified  no  substituted  acetic  acid  could  be  obtained,  only 
henzenc-azo  acetone,  CH3  COCH,  Nj  Ce  H5,  which  melts  at  148*-: 
In  the  same  manner  para-toluene-azo-acetoacetic  ester  and  para-tolui 
azo-acetone  were  produced. 
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KNORR,  L.,  1884. 
Ber.  17.  2032-2049  ;  J.  Chem.  See.  4^»  1377  ;  Jsb.  Chem.  1884,  877. 
Constitution  of  Quinizin  Derivatives. 

Experiments  were  made  which  tend  to  prove  the  constitution  of  these 
bodies.  They  probably  come  from  the  hypothetical  base  quinizin, 
which  is  : — 

CH         -NH 
/  \      N      I 
HC      C /    \CH 

III 

HC      C  CHa 

\  /    \      / 

C         C 

H        H, 

Many  of  the  derivatives  were  described,  among  them  antipyrin,  which 
is  dimethyloxyquinizin, 

CH         -NCH3 
/  \      N      I 
HC      C/    \CCH3, 
II  I       ' 

HC      C  CO 

\  /    \     / 

c      c 

H        H, 

:ind  some  of  its  derivatives. 


KNORR,  L.  and  A.  BLANK,  1884. 

Ber.   I7»  2049-2052  ;  J.  Chem.  See.  46*   1380. 
Action  of  Substituted  Acetoacetic  Esters  on  Phenylhydrazin. 

Methyl-acetoacetic  ester  and  phenylhydrazin  form   2' :  3'  dimethyl- 

f'xyquinizin, 

H 

C  -NH 

/  \       N      I 
HC       C/     N  CCH3, 

II  I        ' 

HC      C  CHCH3 

\  /    \    / 

c       c 

H         O 
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which  melts  at  127*  to  132*  It  is  isomeric  with  antip3rrin.  | 
acetoacetic  ester  and  phen jihydrazin  form  2' :  3'  metfaj 
oxyqtiinizin  which  melts  at  loS!  | 


PINNER.  A.,  18&4. 

Ber.  17.  2519-2520:  J.  Chem.  Soc.  4*.  158;  Jsb.  Chem.  ^1 
Action  of  Acetoacetic  Ester  oa  Amidins.     Part  I. 


When  an  amidin  of  the  formula  R  —  C  _  ^^^^  ,  acts  on 
ester  a  compound  of  the  formula 


i 


R  I 

^  I 

I    ^ 
N     N  I 

I  I 

CH3  C     CO .  \ 

\  I  : 

c 

H, 

is  formed  and  this  compound  b  changed  by  phosphorus  pent| 
into  the  nucleus 

HC 

N      N 

I        I 

HC      CH 

\  // 
C 
H 

Benzamidin  gives  a  compound,  C,,  H,oN,0,  which  melts  at  '; 
216°  and  gives  a  platinic  chlorid  salt.  Treated  with  pha 
pentachlorid  it  gives  Cu  H,  N,  CI ,  which  is  probably 

C6H5-C 

/  w 

N     N 

II  I 
CHj  C      CCl 

\  // 

c 

H 

etamidin  gives  Ce  Hg  N,  O ,  which  the  author  is  studying. 

i 
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PAAL,  Cm  1884- 

Ber.  17,  2756-2767  ;  J.  Chem.  Soc,  48^  248. 

Derivatives  of  AGetopbenonaGetoaGetic  Ester  and  Acetonylaceto- 

acetlc  Ester. 

One  of  the  two  isomeric  compounds  Cu  HioO,  obtained  by  dehydrat- 
ing acetophenon-acetone  is  named  dehydraceto-phenon-acetone 
tod  given  one  of  the  three  formulae  :  Q  H^C  :  C  CH,  CO  CH3  ; 
QHsCOCHaCiCCHj;  Q  H5  COCH,  CH,  C  i  CH  ;    and    the    other 

CH :  C  (  CH3) 
compound  is  named   phenyl-methyl-furfurane »    I  >  O . 

CH :  C  (CeHj) 

Acetophenon-acetoacetic  ester  yields  analogous  dehydrated  derivatives. 

CHjCOCHCOaCaHj, 
Acetonyl-acetoacetic  ester,  I  when  treated  with 

ch,ccx:h3 

hydrochloric  acid  becomes  pyrotritartaric  ester, 

HC  — CCOaCaHj 

I       I 

CH3  C      CCH3 

\     / 

o 

A  number  of  other  derivatives  of  the  above  compounds  are  described, 
and  their  constitution  indicated. 


BEHREND,  ROBERT,    1884. 

Ber.  I7»  2846-2847 ;  J.  Chem.  Soc.  48,  246. 
Derivatives  of  Carbamld. 

The  author  is  investigating  the  products  of  the  action  of  carbamid 
on  acetoacetic  ester.  From  the  first  compound  formed  C5  Hs  N^  O3,  are 
obuined  C5  H6  N,  O,  ;  C5  H3  N3  Os ;   C4  H3  N3  O4  and  C5  H6  N4  O3. 
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PERKIN,  Jr..  W.  H.,  1885. 

Ber.  18,  218-220;  J.  Chem.  Soc.  4*,  515. 
Dehydracetic  Acid. 

The  subject  of  the  constitution  of  dehydracetic  acid  is  reviewed 

the  formula  CO^  HC<^9^^^.q  >CCH3.    is  advanced.      The  me 

ester  melts  at  90.5%  is  soluble  in  water  and  the  solution  is  decid 
acid.  From  the  methyl  ester  and  sodethoxid  the  compound  Cs  H 
CH3  O4  is  formed. 


JUST,  FEODOR,  1885. 

Ber.  18,  319-320  ;  J.  Chem.  Soc.  4*.  513  ;   Ber.  19,  45  (C). 

New  Method  of  Introducing  Nitrogenous  Radicals  in  Malonic 

Acetoacetic  Esters. 

This  is  by  the  action  of  imido-chlorids, — benzanilidimido-chlorid 
H5C1=N— C6H5,  for  instance.  The  chlorin  is  eliminated  and 
remaining  monad  radical  is  substituted.  The  author  is  working  in 
line. 


ALLEN.  WM.  AND   ALFRED    KOLLIKER,  1885. 

Ann.  Chem.  227,   107-118;  J.  Chem.  Soc.  4^,  655  ;    Ber!  18,  154  ( 
Jsb.  Chem.  1885,  768. 

Some  derivatives  of  Triphenyl-carbinyl-bromid. 

When  sodacetoacetic  ester  is  treated  with  triphenyl-carbinyl-broi 
C  Br  (Ce  H5)3,  there  is  produced  triphenyl-carbinyl-acetoacetic  ea 
CH3  CO  C[C(C6  H^)i]2  CO,  C,  H5,  a  substance  which  melts  at  159.3 
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160.5'  When  saponified,  this  yields  triphenyl-carbinyl  ethel  ether, 
CiHjOCCCe  1^5)3.  melting  at  83%  which,  treated  with  acetyl  chlorid, 
gives  CH3  CO,  C( €6115)3.  Triphenyl-carbinyl-acetoacetic  ester  when 
distilled  yields  triphenyl  methane,  CH  (Ce  H5)3,  which  melts  at  92"  and 
bails  at  358*  to  360! 


QEUTHER,  A.,  1885. 

Ann.  Chem.  337,  383-384. 

Upon  the  History  of  Acetyl-acetoacetic  Esters. 

After  noticing  the  claims  made  by  James  and  by  Elion  to  the  first 
production  of  these  esters,  the  author  calls  attention  to  the  fact  that 
Lippmann  produced  mono-  and  di-  acetyl-acetoacetic  esters  in  1869 

Ztschr.  Chem.  1869,  28). 


HAITINQER,  L.,  1885. 

Ber.   18,  452-453;  J.  Chem.  Soc.  4S,  761. 

Dehydracetic  Acid. 

Dehydracetic  acid  when  treated  with  aqueous  ammonia  gives 
C  H-NO3  ^"^  ^7  ^9  ^^-  ^^^^  former  is  an  acid  which,  when  heated, 
^'ivesihe  latter,  which  is  a  weak  base.  When  C7  H^  NO  is  distilled 
••^ith  zinc  dust  lutidin,  C7  H9  N  ,  boiling  at  147°  to  151°  is  obtained, 
^ae  analogous  reactions  of  dehydracetic  acid  and  chelidonic  acid  are 

^vtn.    Chelidonic  is  ;  C  (CO,  H)  <  ^  ~_^  ^'  ^^  >  CH  and  dchy- 
^acetic  acid  is  ;  C  (CH3)  <  ch"— CO^'^  ^  ^^^'  ^  * 
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BEHREND,  ROBERT,  1885. 

Ann.  Chem.  229,  5-31  ;    Ber.    18,  543   (C)  ;  Jsb.   Chem.    1885,  654. 
Bull.  Soc.  chim.  4^9  360. 

Action  of  Urea  on  Acetoacetic  Ester. 

NH  — C  — CH, 
By  this  action  p  Uramidocrotonic  ester,  CO       CH  ,  is  foriiied. 

NH2     CO,  C,  H5 

NH  — C  — CH3 

I  II 

From  this  was  formed  methyluracyl,  CO       CH  ,  which  decom- 

I  I 

NH  — CO 

poses  at   27o°-28o°   without  melting.      From   this,   trimethyluracyl. 

C7H10N2O2,  melting  point   103°;    and  nitrouracyl  carboxylic   acid, 

C5H3N3O6  ,  were  formed,  and  from  the  latter,  nitrouracyl,  C4H3N3O4 ; 

amidouracyl,  C4  H5  N3  O2 ;  and  oxyuracyl,  C4  H4  N2  O3  .     Amidouracyl 

salts  give  with   potassium   cyanate,    hydroxy xan thin,  C5H6N4O3  + 

^Ha  O,  which  may  be  oxidized  to  alloxan  and  this  reduced  to  allox- 

antin. 


KUCKERT,  OTTO,  1885. 

Ber.  18,  618-620  ;  J.  Chem.  Soc.  4^,  751  ;  Jsb.  1885,  1351  ;  Bull  Soc. 

chim.  46,  8. 

Action  of  Allcylamins  on  Acetoacetic  Esters. 

Acetoacetic  ester  when  treated  with  methylamin  forms  two  com- 
pounds according  to  the  temperature.  If  kept  at  0°  an  addition  pro- 
duct is  formed  which  melts  at  42°-43°  and  easily  changes  into  an  oil, 
the  same  as  the  product  which  is  formed  if  the  temperature  is  not  kept 

CH3  CH3 

low.     This   is  either  C  =  N  — CH3  or   C— NHCH3.     Diethylamin 
I  II 

CH2  CH 

CO2  C2  H5  CO2  C2  H5 


ACETO    ACETIC    ESTER  67 

CH3 
produces  the  compound  of  the  formula  C  —  N  (Ca  115)2 .    The  methyl- 

II 
CH 

COaCaHs 

amin  product  when  treated  with  paraldehyde  and  sulfuric  acid  forms 
a  condensation  product  C15  H23  NO4 ,  resembling  dihydro-coUidin 
dicarboxylic  ester. 


HALLER,  S.,  1885. 

Bcr.  18,  706-709  ;   J.  Chem.  Soc.  48,  818  ;  Jsb.  Chem.   1885,    1082. 

Trimethyl-quif^zin  Derivatives. 

The  following  derivatives  of  acetoacetic  ester  were  described  : — 
pseudo-cumylizinacetoacetic  ester,  C15H22O2N2,  which  melts  at  77°- 
7^°  and  has  the  constitution  : — 

CH3 

C         N— NH 

/\     /  \  I 

HC       C  CCH,  ; 
I         I  I 

CH3C       CH  CH2 


CH3 


CO2C.H5 


tttraraethyl-oxyquinizin.  C^  NH3  (CH3)4  ONH,  [(CH3)4  =  1:3:4:2'];* 
I)entatnelhyl-oxyquinizin  (pseudo-cumylanlipyrine)  C9  NH3  (CH3)  4 
ON'CHj ,  [(CH3)3  :  NCH3  :  CH3  :  O  =  i  :  3  :  4  :  l' :  2'  :  4'  *]  and  isoni- 
lro>otelrametbyl  oxyquinizin,  C12  H15  O2  N3  . 

1         i' 
2  ,C         N 

*The  carbon  atoms  were  numbered  thus  : —  I  I  I   , 

3C  C  C^ 

c       c 

4  V 
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PINNER,  A.,  1885. 

Ber.   18,  759-763;  J.   Chem.  Soc.  4^,  751;  Jsb.  Chem.   1885,    838 
Bull.  Soc.  chim.  45*  778. 

Action  of  Acetoacetic  Ester  on  Amidins.     Part  11. — Pyrimidini 

The  formula 

R  — C 

/  w 

N      N 

II        I 

CH3-C       C-OH  , 

\    // 
C 
H 

is  substituted  for  that  previously  assigned  to  these  bodies  and  tl 
nucleus  C4  H4  Nj  is  termed  pyrimidin.  Phenyl-methyl-hydroxy-pyr 
midin  is  further  described. 


QRIESS,  PETER,  1885. 

Ber.  i8,  960-966  ;  J.  Chem.  Soc.  4^.  788. 
New  Researches  upon  Diazo  Compounds. 

In  this  article  (p.  962)  azo-acetoacetic-benzoic  acid, 

p  TT    ^  COa  H     CO 
^6ri4^N=N-CH      ' 
COaH 

is  described.     It  is  produced  by  treating  acetoacetic  ester  with  sulfiu 

CO  H 

acid  and  meta  diazo-benzoic  acid  sulphate.   Ce  H4  <  ^^^ q^w  ry 
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SCHILLER-WECHSLER,  MAX,  1885. 

Ber.   18,  1037-1052  ;  J.  Chem.  Soc.  4^9  900. 

Anilido-pyrotartaric  Acid. 

In  this  article  mention  is  made  of  cyanhydrin  of  acetoacetic  ester  or 
>c>an-^-oxybutyric  ester,  CH3  C  (CN)(OH)— CH,  COjCa  H5  ,  which 
was  produced  by  treating  acetoacetic  ester  with  hydrocyanic  acid.  It 
is  ven-  unstable,  from  it  was  prepared  ^-cyan-^-anilido-butyric  ester, 
CH,C  ( CN)  —  (NHC6  H5)  CHa  COa  C,  H5  ,  by  the  action  of  anilin. 


HANTZSCH,  A.,  1885. 

Ber  iS,  1744-1749;  J.  Chem.  Soc.  4^  1078;  Jsb.  Chem.  1885.  815  ; 
Bull.  Soc.  chim.  4<^«  166. 

Constitution  of  Synthetical  Pyridin  Derivatives  ..... 

After  discussing  the  reactions  of  these  bodies  the  author  decides 
that  the  tri-methyl-pyridin-dicarboxylic  acid  obtained  from  ammonia, 
al'ichyde  and  acetoacetic  ester  has  the  formula  : 

CH, 

I 

c 

/  w 

COaHC         C  — COaH 

CH3— C      C  — CH3 

\^ 

N 


MICHAEL,  R.,  1885. 

Ber.  18,  2020-2029;  J.  Chem.  Soc.  4^*   1244:  Jsb.   Chem.   1885,  826. 

Synthesis  of  Pyridin  Derivatives  from  Acetoacetic  Ester, 
Aldeliyde  and  Ammonia. 

By  using  an  excess  of  aldehyde  a  product  different  from  the  usual 
one  is  formed  which  is  a  —  7'-lutidin-/3-carboxylic  ester,  C^  NH2  (CH^z 
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CO2  d  H5 .     It  is  ail  oil  which  boils  at  246^  to  247°  and  from  it.  it 
acid  can  be  formed,  the  calcium  salt  of  which,  when  distilled  from  lime, 
yields   2:4.    liuidin.     The   free   acid   C5  NH^  (CHv)a  COa  H  ,    can 
oxidized    to    carbocinchomeronic     acid.    C^NHj  (COj  H)3  [2  :  3  :  4! 
which  yields  citichomeroiiic  acid,  C5  NHj;  (COa  H)j  [2  :  3], 


BUCHKA,    K-,  1885. 

Ber.   t8,  2090-2093  ;  J.   Chem,  Sec.  4^,  1200  ;  Jsb.  Chem.  18S5,  1351, 

Action  of  Sulfur  Chlorid  on  Sodacetoacetic  Bsten 

The  sulfid  of  acetoacetic  ester  (CH^  COCHCO,  C,  Hj),  S ,  is  produced 
by  this  action  It  melts  at  80'  to  8 if  The  reduction  or  condensation 
of  this  was  impossible  because  of  its  unstability,  Carbonyl  chlorid 
acts  ou  sodacetoacetic  ester  to  form  chloracetoacetic  ester. 


FITTIO,  R.,  1885, 

Ber.  18,  2526-2527;  J.  Chem.  Soc.  50,  47, 

Condensation  of  Acetoacetic  Ester  wUh  Dibasic  Acids. 

*  Acetoacetic  ester  condenses  with  succinic  acid  to  form  a  compound 
CtoHjjOs,  which  melts  at  75"^ -76*^  and  which  is  a  mono-ethyl  salt  of 
a  dibasic  acid,  Cg  Ha  O5 .  This  acid  melts  at  199"  to  200,'  With 
sodium  pyrotartrate,  acetoacetic  ester  gives  the  mono-ethyl  ester  of  the 
acid  C9  H,o05 .     Further  investigations  are  being  made  in  this  hne. 


HANTZSCH,  A.,  1885, 

Ber.  i8,  2579-2586  ;  J,   Cheni,  Soc.  50*  77  .  J^b.   Chem.    1885,  83d 

Constitution  of  the  Synthetical  Hydro*pyridin  Derivatives* 

The  hydrogen  in  these  compounds  has  been  assumed  to  be  in  con- 
nection with  carbon  but  as  Kiikarl  has  obtained  a  substituted  hydr 
pyridin  derivative  by  the  action  of  paraldehyde  and  sulfuric  acid  on  ll 
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prodoct  of  reaction  between  methyl-amin  and  acetoacetic  ester,  it 
tilows  that  nitrogen  must  be  present  as  an  imido  group  which  gives 
for  the  nucleus  formula  : 

H 

C 

/     \ 
C      C 

I        I 

c    c 
\  / 

N 
H 

Benzylidin-diacetoaceric  ester.  CeHjCHCCeH^Oj),,  melting  at  152**- 
153'  and  dehydrobenzylidin  diacetoacetic  ester, 

O  <^  z  ^^3 '  C  •  COa  Ca  H5  ^  rv[n  w 

Bdting  at  Sy'-SS*  were  formed  from  acetoacetic  ester  and  benzal- 
defayde  but  the  presence  of  some  primary  amin  is  necessary. 


JAKSCH,  R.  Vm  1885. 

Ber.  I9t  781  (C). 

Acetonurea  and   Diaceturea. 

The  author  states  that  acetoacetic  acid  is  not  found  in  normal  urine 
and  as  an  explanation  of  its  origin  in  diseased  urine  he  supposes  that 
it  came  from  acetone  by  the  taking  up  of  oxygen,  uniting  with  formic 
acid  and  then  splitting  off  water. 


PERKIN,  Jr.,  W.  H.,  1885. 

J.  Chem.  Soc.  47.  801-855. 
Synthetical  Formation  of  Closed  Carbon  Chains. 

On  pages  834-835  of  this  long  article,  the  author  shows  the  many 
differences  in  behavior  between  acetyl  tri-methylene  carboxylic  ester, 


1 


BIBLIOGRAPHY    OF 


CH3CO     >c<^^' 


and  di-methyl-acetoacetic  ester. 

CH3CO      >  c  ^  ^^3  . 

although  they  only  differ  in  composition  by  two  hydrogen  atomi 


PINNER,  A.,  1885. 

Ber.  18,  2845-2852  ;  J.  Chem.  Soc.  SO,  45 ;  Jsb.  Chem.  1885,  J 
Bull.  Soc.  chim.  45*  852. 

Action  of  Acetoacetic  Ester  on  Amidins.      Part  III.— Pyrta 

With  the  exception  of  formamidin  all  the  amidins  experimente 
form  pyriraidins  ;   formamidin  yields   cyanacetoacetic    ester, 
midin  yields  di-methyl-hydroxy-pyrimidin,  propionamidin  yieldi 
methyl-hydroxy-pyrimidin, 

C,H,C 

/   ^ 
X       N 

CH3  C        COH 

\    / 

c 

H 

Phenyl-methyl-hydroxy-pyrimidin,  C,,  H,o  N,0  ;  phenyl-methj 
midin,  C,iH,oX, ;  phenyl-methyl-ethoxy-pyrimidin,  CiH^COCaB 
and  phenyl-methyl-pyrimidin  anilid.   C,,H^N2NHC6H5  were  defll 
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EPSTEIN,  Wm  1885. 

dieiB.  ^1.  1-36;   J,  Chem.  Soc    50.  257;    Ber.  19,   iS  (C)  ; 
Bull.  Soc.  chim.   4^*  435- 

tftnfcamion  of  Ci niuinialdeK yde  with  Annnonia  and  Acetoacetic 

Ester 

JBlritalftnces  contlense  lo  form  benzylidenedihydrocollidin-dicar' 
e^cner  which  melts  at  148*^  to  149"*  aud  which  can  be  oxidized 
totnuyUdene-coUidiii-dicarboxylic  acid, 

CH  :  CHC6  H5 
I 
C 

COiHC      CCO,H  +  2H,0, 

CH3C      CCH3 

\    / 

N 

1219'  When  anhydrous  it  melts  at  241"  The 
I  oxidized  by  potassium  pemiangauate  to  lutidin- 
triorbaiylic  add  which  is  differail  from  the  one  described  by  Hantzsch 
«BcT,  If.  td  r7»  2908,     By  reduction  it  gives  hitidin  which  is 

mc,  an  isomer  of  Haiitzsch's  lutidin. 


ENOELiVUNN,  FRANZ,  1885, 

&M.Ch(an*  «it  37-71  ;  Ber.  19*  16  (C)  ;  J.  Chcm.  Soc.  50,  258  ;  Jsb. 
Chetn.  1 885,  1357  ;  Bull    Soc.  chim.  4^f  437. 

Action  of  Hornotogues  of  Acetaldehyde  on  Ammonia  and 
Acetoacetic  Ester. 

[Kytapanroltn-dtcarboxytic  ester,  CsKHaCCH^)^  CH,  (CO^CaHs), , 
ifkmA  froai  acctoac^  r,  propaldehyde  and  alcohoHc  aramouia, 

^knctn  at  no'    By  ^  n  it  loses  its  two  hydrogen  atoms  and 

^  by  nponificatioQ  parvoUn-dicarboxylic  acid,  C^N  (CH^),^  H^ 
|H>,.  15  rormeil  which  melts  at  289' to  290^  Parv'olin,  C5  NHj 
i)jC.-H^.  boils  at  186^  and  has  a  specific  gravity  of  .916 
114  HydroUopropyMutidindicarlioxy lie  ester,  Cj  NHa  (CH3  )aC^H7 
lOOiCH,), ,  obtatBcd  by  using  isobutylaldehyde  melts  at  97      From 


1 
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it  were  obtained  lutidin-dicarboxylic  ester  and  acid.     Hydrois6| 
lutidindicarboxylic  ester,  C5  N  (CHj),  C4  H^  H^  (CO,  C,  H^), , 
by  using  valeraldehyde  melts  at  100!    The  mono-ethyl  salt  an 
acid  of  isobutyl-lutidin  dicarboxylic  were  obtained  and  also 
lutidin,  C5  N  (CH3)a  HaC4  H,  ,  a  liquid  boiling  at  210'  to  213! 

I 

1 


FITTIQ,  R.,  1885. 

Ber.  18,  3410-3413 ;  J.  Cbem.  Soc.  5©,  225.  I 

Constitution  of  Carbopyrotritartaric  Acid. 

The  product  of  the  action  of  acetoacetic  ester  and  sucdnic 
C«  Hs  O, ,  which  is  isomeric  with  carbopyrotritartaric  add  is  < 
mcthrouic  acid  and  the  two  adds  are  given  the  following  foral 
Carbopyrotritartaric  acid  : 

CHj— C  — C— HCO,H 

I       I 
H— C     CHCO,  H 
\  • 
C 

I 

o 

Methronic  acid : 

CH,  — C  — C— HCX),H 

CO.H  — C      CH, 

C 

I 

o 

Wlien  heated  they  both  gi\-e  carbon  dioxid  and  pjrrotritaitarie 

CH,  — C  — CHCO,H. 
I       ' 
H— C      CH, 
\  /• 

C  ' 

I 
o  = 
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BAEYER,  ADOLF,   1885. 

[kt  A3454"54^  ;   J*  Chem,  Soc.  50*  223  ;  Jsb.  Cheni.  1885,  ^34^  • 
Bull.  Soc,  cliim.  4^»  440, 

Syotbcsis  of  AcetaaceUc  Ester  aod  PhlorDg:lucifi. 

Tfcc  ttntbor  discnssesi  the  constitution  of  sodacetoacetic  ester,  siding 
1  FmikJand  and  Duppa  and  Wislicenus  against  Geutber,  showing 
icie**   of  the    formula  CH^  CO  Na  :  CH  CO,  C^  H^   and 
to   Frankland   and    Duppa*s    view    that  sodacetic  ester  is 
fonned '  ai    ao    tnlcruicdiate    product   in  the  action  of   sodium  on 
Fhloroglucin  is  prepared  by  treating  the  product  of  the 
I  of  sodium  on  malonic  ester  with  caustic  potash,  and  the  formula 
.CH,CO, 


CH,CO 


Cn,  is  suggested  for  it. 


CONRAD«  M.  AND   M.  OUTHZEIT.  1886. 

I9t  i9-a6  ;  J.  ChcuL  Soc.  50,  555  ;   Jsb.  Chem.  i886»  1331. 

Action  ol  Carbanyl  Chlorid  on  Cupracetoacetic  Ester. 

My^m-^iiacctyl-acctone^dicarboxyHc  ester  is  thus  produced.  It  is 
icrfsiiUiiie  ambslanoe  melting  at  79^-8o^»  and  it  has  the  followiug 
^nKtsril  fonnula  : 

Inwemehi 


CCH, 


I 


CH^C 

II 
COaCHsC      CC0,C,H5 

c 

I 

o 


opOD  by  ammotiia  this  compound  gives  lutidoue-dicarboxylic 
QStrmeltt  '    *     simply  substituting  NH  for  the  oxygen  of 

(llrniii^,  tonc-dicarlx)xyHc  ester  melting  at   193^  and 

fteifUdimcthyl-pyndone-dicarboxylic    ester    melting    at   170*^-1 7 1*' 
•wt  prepartKl  from  the  debydro-compouncj. 
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JAMES,  J.  WM.,  1886. 

J.  Chem.  Soc.  49t  50-58  ;  Ann.  Chem.  331,  235-244. 

Action  of  Phosphorus  Pentachlorid  on   Diethyl-acetoacetic  Ester. 

By  this  action  diethyl-monochlor-acetoacetic  ester,  CHa  CI — COC 
(C2  Hj),  CO2  Ca  H5,  and  the  corresponding  dichlor  derivative  were 
formed.  Diethyl-monochlor-acetoacetic  ester  treated  with  sodium 
methoxid  gave  methoxy-diethyl-acetoacetic  ester,  CHa  (CH3  O)  COC 
(Ca  115)2  COa  Ca  H5 ,  and  methoxy-methyl-ethyl  acetone.  CHa  (CH3  O) 
COCH  (CH3)  (Ca  H5).  Di-raethoxy-diethyl-acetoacetic  ester,  CH 
(CH3  0)aCOC(C2H5)aCOaCaH5,  and  di-raethoxy-diethyl  acetone, 
CH  (CH3  0)2  COCH  (Ca  H5)a ,  were  also  prepared. 


JAMES,  J.  WM.,  1886. 

Ann.  Chem.  231,  245-248 ;  J.  Chem.  Soc.  50,  333 ;   Ber.  19.  loi  (C)  ; 
Bull.  Soc.  chim.  46*  758. 

Synthesis  of  Acetoacetic  Ester  from  Cyanacetone. 

The  author  has  repeated  the  experiment  of  Matthew  *  and  Hodgkin- 
son's  and  failed  to  produce  any  trace  of  acetoacetic  ester  from 
cyanacetone  with  hydrochloric  acid  or  an  alkali. 


SOC.  FOR  CHEM.  INDUSTRY   IN   BASEL,  1886. 

D.  P.t  39,564  of  May  4th,  1886,  Kl.  22  ;  Ber.  20,  443  (C). 

Production  of  Quinizins  by  the   Action  of   Hydrazobenzenes  on 

Acetoacetic   Esters. 

Acetoacetic  ester  treated  with  hydrazobenzene  gives  phenyl-methyl- 
oxyquinizin  which  melts  at  122! 


*See  page  38. 

f Original  article  not  consulted. 
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SCHIFF,  ROBERT,  1886. 
Ber.  i9t  561. 
Some  Molecular  Volumes. — Acetoacetic  Ester. 


B.  P.=  180  -180  3.      Bo  =5  754.5  mm.      D4  =  specific  gravity  at  f 
M 
D 


compared  to  water  at  4!     —  =  molecular  volume. 


d; 

=  1,0465 

d; 

=  I -0375 

Df» 

=  0.9880 

D»-' 

=-0.9644 

D.35-$ 

—  0.9029 

Vt«  1.+  .ooi0930it  +  .00000138951*+  .000000014651^,  from  which 

d;^. 0.8458.  ^=153.34. 


PERKIN,  Jr.,  W.    H.,  1886. 

Ber.  19,  1 244- 1 247  ;  J.  Chem.  Soc.  50,  689  ;  Jsb.   Chem.  1886,  1332  ; 
Bull.  Soc.  chim.  46.  834. 

Action  of  Trimethylen-bromid  on  Sodacetoacetic  Ester. 

Anoil  C9  H,4  03 ,  boiling  at  223°  is  obtained  which  cannot  be  an 
aceiotetramethylen  carboxylic  ester  because  its  properties  when  com- 
pared to  the  acetotrimethylen  carboxylic  ester  and  to  the  tetramethylen 
^Jcarboxylic  ester  are  too  irregular  and  because  it  will  not  react  with 
phenylhydrazin.     The  author  gives  it  the  formula — 

CH3 

C  — O—    CH, 

II  \ 

C  —  CHj  —  Cri2 

CO,  C,  H5 
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BEHREND,  ROBERT,  R.  LIST  AND  A.  KOHLER,  1886. 

Ann.  Chem.  253,  1-15  ;  Ber.  19.  219-221  ;  Ber.  I9»  395  (C);  J.  Chei 
Soc.  50,  443  ;  Jsb.  Chem.   1886,  549 ;  Bull.  Soc.  chim.  4^^  544. 

Condensation  of  Carbarn  ids  witii  Acetoacetic  Ester. 

Acetoacetic  ester  treated  with  phenylcarbamid  g^ves  a  compom 
Ci3H,6N2  03,  which  when  treated  with  an  alkali  yields  aceton 
alcohol,  carbon  dioxid  and  analin  and  when  treated  with  an  add 
yields  in  addition  to  these  products  ethyl  phenylcarbamate,  C9  Hi,  NC 

Thiocarbamid  and  acetoacetic    ester     unite  to  form  an   unstat 
compound  which,  when  saponified,  yields  C5  H6  NjSO  which  is 
P3      NH-C(CH3Wp 

Guanidin,  CN3  H5 ,  and  acetoacetic  ester  form  a  compound  C5 1 
N3  O,  which  has  both  acid  and  basic  properties.    Its  formula  probably 


iSBERT,  A.,  1886. 

Ann.  Chem.  234,  160-196  ;  J.  Chem.  Soc.  50,  1009 ;  Ber.  19,  684  (Q 
Jsb.  Chem.  1886,  1328  ;   Bull.  Soc.  chim.  47»  585. 

Acetoacetic  Ester  and  Its  Derivatives. 

When  acetoacetic  ester  is  decomposed  by  sodium  alkyl  oxids  in  tl 
presence  of  an  alcohol,  the  acetate  derived  from  the  free  alcohol  is  tl 
chief  product,  while  the  acetate  derived  from  the  alkyl  oxid  is  fomu 
in  smaller  proportions.  Resacetic  acid,  C,8  Haa  O5  ,  is  formed  duriii 
the  same  operation.  Acetoacetic  ester  is  not  decomposed  by  ethyl  < 
propyl  alcohol  at  180°,  but  is  completely  decomposed  upon  adding 
little  sodium  alkyl  oxid  to  such  a  mixture.  The  amid,  Ce  H„  NO^ 
obtained  by  treating  acetoacetic  ester  with  ammonia,  melts  at  90**  an 
is  soluble  in  water.  From  its  reactions  the  formula  CHj-  COC2H5 
CH  •  CONH2 ,  is  assigned  to  it.  Phosphoric  chlorid  acting  on  eth] 
acetoacetic  ester  gives  ethyl -nionochlorcrotonic  acid  and  the  ethj 
esters  of  mono-  and  di-chlor-ethylacetoacetic  acids,  and  acting  o 
methylacetoacetic  ester  it  forms  the  corresponding  compounds 
Ethoxy-ethyl-acetoacetic  ester.  (Ca  H5  0)CHa  COCa  H5  :  CH  COaC,  Hj 
and  ethoxy-methyl-acetoacetic  ester  are  formed  by  the  action  of  « 


I 
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alcoholic  solution  of  sodium  ethoxid  on  monochlor-ethyl  and  mono- 
chlor  methyl-acetoacetic  esters  and  are  decomposed  by  alcoholic  soda 
imocthoxy-ethyl  acetone,  (Ca  H5  O)  CHj  CO  CH,  (C,  H5),  and  ethoxy- 
rocthyl  acetone.  (Ca  H5  O)  CH,  CO  CH,  (C  H3),  which  boil  at  1 12°  to 
115°  and  loo**  to  105**  respectively. 


SOC.  FOR  CHEM.  INDUSTRY   IN   BASEL,  1886. 

D.  P.*  39,149  of  June  5th,  1886,  Kl.  12  ;   Ber.  20,  351  (C). 
The  Production  of  the  Ester  of  a  New  Acid. 

If  acetoacetic  ester  be  treated  with  a  water  solution  of  ethylenedi- 
amin,  C,  H^  (NH,), ,  they  unite  to  form  the  compound, 
CH3  CH3 

C  :N.    CH,.  CHa-  N  :C 
i  1 

CHa  CHa 

COaCaHj  CO.CaHj 

which  melts  at  126®,  is  insoluble  in  water  but  soluble  in  alcohols, 
ether,  chloroform,  benzene  and  dilute  acids. 


CANZONERI,  F.  AND  Q.  5PICA,  1886. 

Gazz.^chim.  16,  449-453  ;  Ber.  20,  219  (C)  ;  J.  Chera.  Soc.  52,  499. 

Synthesis  of  Ethoxy-lutidin. 

By  treating   acetoacetic   ester  in   a  sealed   tube  with    an  excess  of 
ammoniacal  zinc  chlorid,  ethoxy-lutidin, 

N 
/  \ 

CH3C         COCaHs  , 

I        I 
HC       CH 

C 
CH3 

^Original  article  not  consulted. 
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is  formed,  a  pale  yellow  liquid  boiling  at  245*  to  247!*  By  repeating 
former  experiments  with  acetoacetic  ester  and  formamid,  a  liquid  boil* 
injf  at  250°  to  255'  was  obtained  which  was  mono-lutidin-carboxylic 
ester  and  which  apparently  is  isomeric  with  Michael's  body  of  the  same 
name  which  he  obtained  from  aldehyde,  aldehyde  ammonia  and 
acetoacetic  ester. 


MULLER,  ALBERT,  1886. 

Ber.  I9»  }11^-^1T^  \  J-  Chem,  Soc.  50*  899;  Jsb.  Chem.   1886,  1055. 

Action  of  Acetoacetic   Ester  on  Hydra20-I>eiizeiie. 

When  acetoacetic  ester  is  treated  with  hydrazo-benzene,  C6  H5 
NH  —  NHC6  Hji ,  a  compound  C16  H14  N,  O.  which  melts  at  120  and 
is  weakly  basic  and  acid   is   formed.     It  is  probably  a  pheuylated 

quintziu, 

H 

C         N-NC6H5 


/  \   / 

HC  C 
I         \ 

HC  C 

\    /    \       / 

c      c 

H        OH 


CCH3, 

I 

CH 


ESCALES*  R,  AND   E.  BAUMANN,  1886. 

Ber.   19.  1787-1796;  J.  Chera.  Soc.  S^t  878. 

Compounds  of  Phenyl  Mercaptan  with  Ketonic  Acids* 
Phenyi  JHercaptan  and  Acetoacetic   Ester. 

By  treating  a  mixture  of  two  molecules  phenyl  mercaptan  and  on€ 
molecule  acetoacetic  ester  with  hydrochloric  acid,  /9  dithiophenylbutyric 
ester,  CH3C(SC6H5)jCH,CO,  C^H,,  is  obtained;  it  melts  at  57*'-58^. 
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is  insolable  in  water,  soluble  in  ether,  benzene  and  chloroform  and 
gives  a  red  color  with  concentrated  sulfuric  acid.  When  heated  with 
n  alkali  it  is  decomposed  into  phenyl  mercaptan  and  ^-thio-phenyl- 
crotonicacid,  CHjCSCeHj)  :  CHCOaH,  which  melts  at  i76°-i77°, 
is  iosolnble  in  water,  soluble  in  benzene  and  hot  alcohol.  When 
kated  this  decomposes,  giving  thio-phenyl-propylene,  C3  H5  SC6  H5 , 
which  boils  at  2o6**-2io**  and  gives  a  blue  color  with  sulfuric  acid, 
which  turns  violet  upon  being  heated. 


LIST,  R.,  1886. 

Ana.  Chem.  336,  1-32  ;  J.  Chem.  Soc.  5^,  127  ;  Ber.  I9»  825  (C)  ; 
Jsb.  Chem.  1886,  564  ;  Bull.  Soc.  chim.  47»  587. 

Action  of  Thiocarbamid  on  Acetoacetic  Ester. 

Thiomethyl-uracyl  is  formed,  thus  :  CHjCOCHa  CO,  C^  H5  +  NH, 

CSXH,  =  CH3  C  (OH)  CHa  CO2  Ca  H5 

'   I 
NH  — C  =  S  — NHa    and    then    water    and    alcohol 

breaking  off  it  leaves  CH3  C  :      CHC  :  O 

I 

NH— C=:S— N-H. 

The  silver,  copper,  mercury,  potassium,  and  sodium  salts  and  the 
icthyl  and  ethyl  esters  were  produced  and  described.  The  sulfur  can 
t  removed  from  the  thiomethyl-uracyl  by  bromin  or  by  silver  or 
ercuric  oxid.  Thiomethyl-uracyl  acetic  acid,  CyHgNaSOj,  and  its 
hyl  ester  were  made  by  using  monochlor-acetic  ester. 
In  the  formation  of  the  esters  an  intermolecular  change  is  supposed 

take  place  and  the  formulae  are  written  CH3  —  C  :  CH  •  C  :  O 

I  I 

N   :  C   •    N  •  H 
I 
S— R. 
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Aaa.  Cli«xi.  ^f^  69^115 :  J-  Chprn    Soc  5^  159;   Ber.  19.  827  (C 
J:*.  Chem.  1886.  1336  :   BalL  Soc  rfnm   47*  633. 

Esier..— Ptet  L 

Acetoacetic  ester  and  amlfn  reset  at  onfinarj  tnupegatmnes  to  foi 
^pheny!aniidf>-«-croCooic  ester,  bat  at  110^-150*  the  anibd  of  acd 
acetic  acui  »  SoonecL  which  m^ts  at  85^  and  gxres.  when  distOk 

dipheoyI-carbaniid,CO<^^^.  wfaidi  melis  at   235*-236r      T 

anilid,  when  heated  with  chlorofixm  and  faromin,  yields  the  anHid 
nionr»brom  acetoaccdc  acid,  CH3  CO  CH  Br  CO  NHC4H5 ,  which  me 
wjth  decomposttian  at  13d!  Isooitroso-acetoacetic  anilid,  CH3  CO( 
CS  OH;  CO  XHCs  H5  ,  is  a  crv^stalline  substance  mating  at  99'-m 
Reducing  agents  change  acetoacetic  xid  anilid  into  hydroxylepidi 
C^NH^CHjOH,  [4  :  2^  which  can  be  dianged  into  rkpidin  ai 
chlorolepfdin.  Methoxy-Iepidin  formed  &om  chIorole|Ndin  boils 
275*-276.*     Ethoxy-lepidin  mdts  at  51      Methyl-lepidone, 

c^  XT   ^^  CCH3  :  CH^^ 
^€a^<.  NCH3CO    ^• 

may  be  formed  from  methyl  anilin  and  acetoacetic  ester.     It  melts 
130*,  sublimes  and  is  a  strong  base. 


DEQEN,  J05.,  1886. 

Ann.  Cbem.  236,  151-164;  Ber.  19.  829  (C). 

Indol  from  Methyl-phenylhydrazin. 

In  this  article  an  account  is  given  of  making  methyl^phenylhydras 
acetoacetic  ester,  CH3  C  :  (N^  CH3  C6  H5)  CHjCOaCHj ,  from  methg 
phenyl hydrazin  and  acetoacetic  ester.  The  product,  a  yellowish  p 
oil  could  not  be  distilled,  but  seemed  quite  stable  towards  wal 
solutions  of  the  alkalis.  With  alcoholic  potash  it  was  decompoM 
into  methyl-phenylhydrazin  acetoacetic  acid. 
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BULOW,  CARL,  1886. 

Ann.  Chem.   236,    184-194;  J.    Chem.    Soc.    S^t    144;    Jsb.    Chem. 
1886,  1515  ;  Bull.  Soc.  chim.  47»  600. 

Phthalyl-acetoacetic  Ester. 

This  is  obtained  from  phthalyl  chlorid  and  acetoacetic  ester  and  is 
represented  thus : 

CH3 

! 

CO 

C  =  C— CfiH. 

I        I        > 

I     o— c=o  • 

COaCaHj 

It  is  decomposed  by  sulfuric  acid  yielding  phthalyl  acetic  acid. 
.\mmonia  converts  it  into  phthalyldiamid  or  phthalyl-imid  according  to 
the  temperature.  Several  complicated  derivatives  were  described, 
among  them  those  formed  by  phenylhydrazin. 


KNORR,  L.,  1886. 

Ann  Chem.  236,  290-332  ;  J.  Chem.  Soc.  5^,  275 ;   Ber.  20,  55  (C)  ; 
Jsb.  Chem.  1886,  1338;    Bull.  Soc.  chim.  47»  811. 

Synthetical  Experiments  with  Acetoacetic  Ester. — Part  11. 

The  first    part  of  this  article  (pp    290-317)   is  devoted  to  diaceto 

"titx^inic  esters,  the  remainder  to  fonning  pyrrol  derivatives  from  actto- 

.^cvtic  CNter.     This  treated  with  sodium  nitrite  forms  nitrosoacetoacetic 

^ttr  which  mixed  with  acetoacetic  ester  and  reduced,  gives  dimethyl- 

pyrrol-di-carboxylic ester,  C4  NH  (C  H3)2  (CO^  C,  H5),  [2:4:3:5].    This 

raeiis  at    134^-135*^    and   can  be  distinguished  from  its  symmetrical 

i'^>mer  by  its  absence  of  basic  properties.     By  eliminating  one  of  the 

tthyl  groups  two  isomeric  mono-ethyl  esters  of  dimethyl-pyrrol-dicar- 

Iwxylic  acid   can    be  produced  and   from  these   (i)    by    eliminating 

^tliyl,  dimethyl-pyrrol-dicarboxylic  acid   (2)    by    eliminating   carbon 

^iioxid,     dimethyl-pyrrol-mono-carboxylic    ester.        Dimethyl-pyrrol- 

monocarboxylic  acid  and  dimethyl -pyrrol,  C4  N(CH3)2  H3 ,  were  also 

produced.       By  using  the  anilid   of  acetoacetic  ester  corresponding 

<^nipounds  were  made  and  their  properties  described. 
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PERKIN,  Jr.,  W.  H.  AND  M.  0BREMB5KY,  1886. 

Ber.  I9»  2045-2055  ;  J.  Chem.  Soc.  50t  936 ;  Jsb.  Chem.  1886,  1397. 

Upon  aj-a^-Diacetyl-^idipic  Acid. 

From  the  high-boiling  residue  from  the  action  of  ethylene  bromid  ot 

sodacetoacetic  ester  the  authors  have  isolated  di-acetyl-adipic  ester, 

CH2  —  CH(CH3  CO)CO,  Ca  H5 
which  is  I  .It  will  unite  with  phenyl- 

CH,  —  CH(CH3  C0)C02  C2  H5 

hydrazin,  one  molecule  of  (C6H5N2H)"  displacing  each  atom  of  oxygen 

of   the    carbonyl    groups.      Ethylene-di-methyl-oxyquinizin    is    also 

formed.     The  actions  of  diacetyl-adipic  ester  with  alcoholic  ammonia, 

sulfuric  acid  and  alcoholic  potash  are  given. 


POLONOWSKA,  NATALIE,  1886. 

Ber.  I9f  2402-2406  ;  J.  Chem.  Soc.  S^t  ion  ;  Jsb.  Chem.  1886,  1386. 

So-called  Cartmcetoacetic  Ester. 

The  action  of  hydrochloric  acid  on  acetoacetic  ester  is  the  same  as 
that  of  sulfuric  producing  an  anhydrid,  C18  H22  O9  ,  which  breaks  down 
into  isodehydracetic  acid  and  its  ethyl  ester  (as  shown  by  Hantzsch) 
so  that  Duisberg's  so-called  carbacetoacetic  ester,  Cg  H,o  O3 »  must  be 
isodehydracetic  ester,  C,o  H,2  04  • 


PERKIN,  JR.,  W.  H.,  1886. 

Ber.  19.  2557-2561  ;   J.  Chem.  Soc.  5^.  32  ;  Jsb.  Chem.   1886.   1332. 
Action  of  Trlmethylenbromid  on  Acetoacetic  Ester. 

The  ester, 

CH3 

C  — O CH,  , 

11  I 

C  —  CH2  —  CH2 

CO.CHj 
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and  its  acid  are  further  studied.  The  acid  heated  with  water  gives 
actto-butyl  alcohol  and  by  distillation  of  this,  acetobutyl  alcohol 
anhydrid  is  obtained.  The  ester  dissolves  in  hydrobromic  acid  to  form 
brom-butyl  methylketone,  CH3CO(CH2)4  Br.  Analogous  compoun8s 
of  some  aromatic  derivatives  are  cited. 


PERKIN,  JR.,  W.  H.  AND  P.  C.  FREER,  1886. 

Ber.   I9»  2561-2569 ;  J.  Chem.  Soc.  52»  33. 

Upon  Aceto-trimethylenecarboxylic  Ester. 

This  substance  was  proven  by  its  physical  properties  to  have  a 
irimethylene  formula  and  thus  to  be  : 

CHj  CH3  CH3 

I  I 

CO  CO  C  — O  — CH, 

CH,  I  "  I 

CC         and  not  CH— CH^CH,  C CH, 

'    ^Hj  I  and  not        1 

C0;C,H5  COaC^Hj  CO^C.Hs 

It  was  united  with  hydrobromic  acid  to  form  omega-brom-ethyl-aceto- 
Wic  ester,  CH3  COCH(CHa  CH,  Br)C02  C^  H5 ,  which  is  an  oil 
^hich  cannot  be  distilled.  Saponifying  this  oil,  aceto-propyl  alcohol  is 
'f'Uint<  (CH3CO)CH2CH2CH2  OH,  and  sodium  amalgam  reduces 
tni>  to  ^amma-pentylene  glycol,  CH3  CHOHCH,  CH^  CH,  OH. 


WITT,  OTTO  N.,  1886. 

^-    19*  2977-2978  and  3299;   J.    Chem.   Soc.   52,  247;   Jsb.  Chem. 
1886,  783  ;   Bull  Soc.  chim.  47.  434- 

Action  of  Acetoacetic  Ester  on  Aromatic  Diamins. 

Acetf.acetic    ester  heated   with    ortho-toluylene-diamin    C6H3CH3 

'^'H, , .  gives  ethenyl-toluylene-diamin,  C6H3CH3    <j^^^C  —  CH3 , 

^'nich  mehs  at  201 ''-202! 

In  tht  second  communication  the  author  acknowledges  the  priority 
of  Ladenburg  and  Riigheimer  in  the  preparation  of  this  compound. 


\ 
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KNORR,  L.,  1886.  f 

Aim.  Cheui.  238,  137-219;  J.  Chem.  Soc.  5^,  601  ;   Ber.  ao,  259  (Q 

Synthetical  Experiments  with  Acetoacetic  Ester. — Part  III. 

The  compounds  obtained   from   the  action   of  phcnylhydrazin  c 

acetoacetic  ester,  heretofore  described  by  the  author  as  quinizin  derivi 

tives  are  uow   considered   pyrazolone   derivatives,    pyrazolone  beic 

CHa-    CO  ^ 

I  >  NH.     Thus   antipyrin   is    phenyl-dimethyl  pyrazoloi 

[1:2:3]   and   not  di-methyl  oxyquinizin   Phenylmethyl  pyrazolone 

described.      Phenyltrimethyl  pyrazolone  [1:3:4:4]   obtained  from  d 

methyl-acetoacetic  ester  melts  at  55°-56°  boils  at  300°  to  303®  and ' 

isomeric  with  methyl  antipyrin.     Disphenyl-methyl  pyrazolone,  [i:3:j 

CO  — CH  — CH  — CO 
CaH.  N<  I  I  >NC6Hc.  and    a     number    of    I 

'         N    =  C         C  =  N  ^ 

I  I 

CH3     CH3 

derivatives  are  produced  and  described,  among  which  is  pyrazol  bllB 

obtained  from  the  above  by  abstracting  the  two  hydrogen  atoms  froi 

the  CH  groups.     Some  of  the  aromatic  and  nitrogen  compounds  i 

the  pyrazolones  are  described  and  also  some  halogen  compounds  i 

antipyrin. 


CONRAD,  M.  and  M.  QUTHZEIT,  1887. 

Ber.  30,  151-154:  J.  Chem.   Soc.   52.  502;   Jsb.   Chem,    1887,    181J 
Bull.  Soc.  chini.  48,  154. 

Dimethyl-pyrondicarboxylic  Ester 

This  substance,  obtained  from  cupracetpacetic  ester  and  carbon] 
chlorid,  formerly  called  dehydro-carbonyl-diacetoacetic  ester  is  no" 
considered  to  be  a  derivative  of  pyron, 

O 

/  \ 
HC     CH, 

II       II 

HC      CH 

\  / 

C 

y 
o 
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be  ruttnv  i  gitaips  uccupy  Lii^  2  and  6  places  and  the  carboxyl 
the  3  and  5  places.     It  melts  at  So!     Alkalis  decompose 
fnmioarbcm  dioxid  and  acetoacetic  ester  which  is  further  decomposed 
^itissinl  deconipofiitioti  products. 


JAHES.  J.  WM.,  1887, 

J.  Cbiin.  Soc,  5"»  287-290  ;   Ann,  Chem,  240,  6i-66. 

Fonitatlon  of  Cyan-acetoacelic  Ester. 

If  trtfltiog  monochloracetoacetic  ester  with  potassium  cyanid, 
^DtftiiiBn  cyanacctoacetic  ester  was  formed  to  which  was  given 
Ibe  fanaolm  CH,  (CN)COCHKCO,  C.  H5 .  Treating  this  with  an 
(irodaccd  cyanacetoacetic  ester,  a  liquid  which  cannot  be  dis- 
I  ttuder  orditiary  pressure.  By  treating  dichloracetoacetic  ester, 
ICLCOCH.CO^fCHs,  with  potassium  cyanid 
3und  was  formed  but  potassium  dichloracetate, 
3, CO,  K,  was  the  chief  product. 


niCHAEU  A.,  1887. 

_Aa.  Ckcm.  J.  9*  1 12-124  :   J*  prakt.  Chem,  I43«  349*357  '*  J»  Chem. 

Soc  SMt  t^t ;  Bcr.  so.  258  (C)  and  504  (C) ;    Jsb^  Chem. 

1887,  1542  ;  Bull.  Scxr.  chim.  4^*  520. 

of   Sodaceloacetic  Ester  and   Sodomalonic   Ester  to  the 

Esters  of  Unsaturated  Acids, 

etvjacetic  ester  is  treated  with  ciunamic  ester  they  unite 
split  off  sodium  ethoxid  forming  a  compound 
CH, 

CO      CfiH, 

CH-CH 

I  i 

CO-CH 

CO.CJI5 
\  very  ctnslabW  decomposing  at  100  It  acts  as  a  mono-basic 
9oL  Acetoacetic  ester  and  citraconic  ester.  C5  H4  (d  H5)  j  O4.  combine 
Erectly  to  form  CijHi^O^an  unstable  oil  boiling  at  i73*-i74'  at 
961mm,  pvcssurc  The  author  mnlces  the  iKiiiit  that  these  substances 
tit  11)1111100  prodocts* 
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MICHAEL,  A,,  1887. 

J.  prakt  Chem.  143.  449-459:  Am.  Chem.  J.  9*  124-129;  J.  Cbetn. 
Soc.  52,  716  ;   Ber.  3o,  320  (C)  ;   Jsb,  Chem,  1887,  1556; 
Bull.  Soc.  chim  4^.  521. 
Some  New  Reactions  with  Sodacetoacetic   Ester. 
By  the  action  of  benzoic  aldehyde  on  sodacetoacetic  ester  a  cora- 
poniid  Cj2  H,,.  Na^Oy  is  formed  which  melts  at  126^-127''  and  is  soln- 
ble  in  alkaHs.     Mustard  oils  react  with  sodacetoacetic  ester  to  form 
mono- thio-am ids.       Phenyl    isocyanate    forms    two   compounds   with 
sodacetoacetic  ester*     Anhydrids  of  dibasic  organic  acids  unite  directly 
with  sodacetoacetic  ester  :    phlhalic  anhydrid  forniing 

a  H,  <  ^Q^  ^^"-  CO.  c,  H5 

The  action  of  phenols  is  to  form  coumarins.  Ureas  react  to  form  the 
ureids  and  sulfo- ureas  form  the  corresponding  sulfo  derivatives. 
Aldehyde  ammonia  forms  condensation  products,  with  smlacetoacetic 
ester  it  forms  Ch  Hia  NaNOa*  Sodacetoacetic  ester  was  also  found  to 
react  with  lactones,  amidins,  primarv^  bases,  guauidin*  cyanamid, 
cyanic  acid  and  benzoquinooe. 


PERKIN,    Jr.,    W.    H.,    1887- 

J.  Chein.  Soc.  5'*  484-500  ;  Jsk  Chem.  1887,  1815. 
Dehydracetic  Acid* 

After  reviewing  the  work  done  by  other  chemists  on  this  acid  the 
author  deduces  the  formula 

CO,H— C  — CO-'CH 

CH^C  — O  -CCH3 
for  it.  The  proof  that  it  contains  carbonyl  is  that  it  unites  with 
pheuylhydrazin  to  form  C^HgOj  (Nj  HCeHj).  It  w^ill  form  no 
acetyl  derivative,  therefore  (two  oxygen  atoms  being  in  the  form  of 
carboxyl)  the  fourth  one  must  be  l>elween  two  carbon  atoms.  When 
carefully  treated  with  potassium  hydroxid.  dehydracetic  acid  gives 
acetoacetic  acid  therefore  it  must  contain  two  methyl  groups.  When 
treated  with  aniliu,  dtfhydracetic  methyl  ester  forms  hitidone  deriva- 
tives, phenyl-lutidone-carboxylic  methyl  ester  being  first  produced 
which  is  decomposed  into  phenyl  hitidone,  C^  NHCOHXCII^),  CfeH^  , 
The  bromid  acetate,  oxira  and  phenylhydrazin  derivatives  of  dehy- 
dracetic acid  were  prepared  and  described. 
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l^^irai,  p.  C.  AND  W.  M.  PERKIN,  Jr..  1887. 

J  Cbcm   S<>c.  SI.  S2<.>->S49 :    Am.  Chem.  J.  10,  446-457. 

|^tlM«f  Ethylene  Bromid  on  Sodium  Derivatives  of  Acetoacetic 

Ester. „., „. 

with   acetoacetic  ester  and    ethylene    bromid  being 

found  that  two  substances  were  produced,  one  as  l>efore 

iacolicdin  B«r.  lO.  3561  atid  tlte  other  having  tlie  formula 

CH, 

I 

CO  -  CH. 

II  I 

C    -  CH, 

I 

CO,  C.  Hj 

•■i  bring  termed  mcthyl-dehydropentone-carhoxylic  ester.   The  former 
Bfnduoed  in  much  the  larger  quantities.      Acetyltrimethylenecar- 

m  ?"• 


I     CH, 
CO.C.H, 

I  the  tajL'  i'^rmcrly  described)  wlien  boiled  with  water  gives 

alcohol.    (CHjCO)CH,  CH,CH,OH.    but    upon    l^eiug 

teted it  becomes  acctopropyl  anhydrid,  CH3 C  :  CHCH,,   and  acetyl- 


I  ftmhrioie. 


O- 


-CH, 


CH,  CO  -  CH  <  I 

CH, 


HALLER.  A.  AND   A.  HELD,  1887. 

Cteipl.  rend-  mm«  1627-1629  ;  J,  Chem.  Soc.  S^f  799* 

Cyanacetoacetic  Ester. 

ThB  substance  obtained  by  James  (J,  Chem.  Soc.  S«.  287)  is  the 
^wne  It  that  ohtahied  W  the  authors  in  1882  (Compt*  rend.  gs»  235)  by 
^^tc  chlorid  on  sodacetoacetic  ester.     The  authors 

.1-  CHjCOCH  (CN)CO,C,  H5,  not  as  James  gave 

i.COaCH,, 
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WALLACH,  a.  1887- 

Ann,  Chem,  241,  288-315  ;  J.  Cliem,  Soc,  54*  37  ;  Jsb.  Cliem,  1SS7.  763; 
Bull.  Soc,  chim,  50,  297. 

Nitrosates,  Nitrosites  and  their  Derivatives. 

Amylene  and  nitrogen  peroxid  unite  directly  and  form,  not  a  dim'trite 
but  a  nitroso  nitrate.  This  compound  C^  H,o  N^O^.  unites  with  aceto- 
acetic  ester  to  form  the  crystalline  compound  CH^  COCH  (NOC5  Hjo) 
CO.CHs. 


CLAISEN,   L.  AND  O.  LOWMAN.  1887. 

Ber.  20,  651-654  ;  J.  Chem.  Soc.  53,  583;  Jsb.  Chem,    1887,  2050: 

BulL  Soc.  chtm.   48,  394. 

Preparation  of  Benzolacetic  Ester. 

Acetoacetic  ester  is  formed  in  this  oi>eration  which  consists  of  mixing 

sodium  elhoxid  and  benzoic  ester  and  treating  the  product  with  acetic 
acid.  The  theory  i>s  advanced  that  here  as  well  as  in  the  ordinary 
production  of  acetoacetic  ester  au  intennediate,  addition  product  is 

formed.    In  the  case  of  acetoacetic  ester  it  would  be  CH^  C^k     ^    ^  ^^* 

which  is  acted  upon  by  acetic  ester  thus  : — CH^Cc;^^^'*  5^3  + 
H,  CHCO,  Ca  Hj^CH^  C  (ONa)  :  CHCO,  C,  H5+  2C,  H,  OH, 


CONRAD,  M.  AND   L.  LIMPACH.  1887. 

Ber.  20,  944-948  ;  J.  Chem.  Soc.  5^1  679  ;  Jsb*  Chem.  1887,  IC346  ; 
Bull.  Soc.  chim,  4^.  320. 

Synthesis  of  Quinotin  Derivatives  from  Acetoacetic  Ester. 

By  heating  anilacetoacetic  ester,  CH3  C  (NHCe  H5 )  :  CHCO^^  C.  H,, 
it  is  decomposed  and  besides  alcohol,  acetone  and  carbanilid, 
CO:  (NHC6  H;)a.  it  forms  r-hydroxy-quinaldin,  C6  H4  Cjj  HOHCH3  N. 
[OH:CH_j=2';4'],  which  melts  at  23o'-23i*  and  distills  at  360*  with 
some  decomposition.  It  is  very  bitter  and  gives  an  intensely  reddish 
yellow  color  with  ferric  chlorid.  A  number  of  its  salts  and  derivatives 
were  described,  phenylamidoquinaldin,  methoxyquinaldin  and  some 
derivatives  containing  chlorin,  bromin  and  nitrogen. 
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HANTZSCH,  A.  AND   H.  Z'URCHER,  1887. 
Ber.  ao,  1328-1332  ;  Jsb.  Chem.  1887,  1461 ;  Bull.  Soc.  chim.  48,747. 

Polycoumarins. 

By  treating  polyhydric  phenols  with  an  excess  of  acetoacetic  ester 
and  sulfuric  acid,  polycoumarins  are  formed.     Di-methyl  di-coumarin, 

(CCH  *  CH       ^ 
Q ^  Q^Q  >     a,  formed  from  acetoacetic  ester  and  resorcin, 

C6  H4  (OH)2,  is  a  white  powder  almost  insoluble  in  ordinary  solvents, 
soluble  in  alkalis  from  which  solution  acids  precipitate  di-methyl  dicou- 

maric  acid,  Ce  Ha<  [  q^^^  CHCOa  H  V         Acetoacetic  ester  treated 

[CCH  CH      ^ 

which  is  also  a  powder  difficultly  soluble  except  in  alkalis  from  which 
solution  the  corresponding  acid  is  obtained.  These  acids  easily  give 
up  water  and  are  changed  back  into  the  lactones. 


DELISLE,  A.,  1887. 

Ber.  ao,  2008 ;  J.  Chem.  Soc.  5^,  915  ;  Jsb.  Chem.   1887,  ^7^9  J 
Bull.  Soc.  chim.  48,  659. 

Action  of  Sulfur  Dichlorid  on  Acetoacetic  Ester. 
Preliminary  Notice. 

By  treating  acetoacetic  ester  with  sulfur  dichlorid,  hydrochloric  acid 
was  given  oflf  and  the  mixture  solidified.  The  new  substance, 
C:oH,4  06S,  forms  beautiful  colorless  crystals  which  are  insoluble  in 
water  but  soluble  in  barium  hydroxid,  forming  a  barium  salt.  The 
substance  softens  at  75°  and  melts  at  90**  to  91!' 


BENDER,  G..  1887. 
Ber.  30,  2747-2752  ;  J.  Chem.  Soc.  54.  53- 
Action  of  Phenylhydrazin  on  Chloracetoacetic  Ester. 

By  this  action  a  compound  Ci2H,4N2  02  was  formed,  it  is  probable 
that  CH3C(N2HC6H5)CHC1C02R  is  first  formed  which  changes 
first  into  CH3  CH  (N^Ce  H5)  CHCICO^  R  and  then  into  CH3C 
(N^Ce  H5)  :  CHCO2R  which  is  ^-phenylazocrotonic  ester,  melting  at 
50  5.*     This  can  be  reduced  to  phenylmethyl-pyrazolone. 

a-Naphthylamin  and  chloracetoacetic  ester  unite  to  form  a  compound 
C,6  H,6  NO,  CI,  which  melts  at  75! 


1 
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JAPP,  FRANCIS  AND  FELIX  KUNQEMANN,  i897 

Ber.  ao,  2942-2944. 

Benzene-azo-  and  Benzenehydmzo-fatty  Acids. 

When  sodium-methyl-acetoacetic  ester  is  treated  with  diazobenzenc 
chlorid/Ce  H5  N,  CI,  the  diazo  ^joup  takes  the  place  of  the  acetyl  groq 
and  benzene-a-azo-propionic  ester,  Ce  H5  N,  CH  (CH3)  CO2  C,  H5,  i 
produced.  It  is  a  yellow  crystalline  substance  which  melts  at  117 
The  free  acid  and  a  number  of  its  aromatic  derivatives  were  produce! 
from  it. 


SCHIFF,  HUGO,  1887. 

Ann.  Chem.  M4*  19-28 ;  J.  Chem.  Soc.  54t  572. 

Compounds  of  Sugars  with  Aldehydes  and  Acetone. 

Among  other  compounds  described  in  this  article  is  the  one  obtainec 
from  sugar  and  acetoacetic  ester,  corresponding  to  the  fonnub 
Ce  H,o  O3  Ce  Hj,  Oe,  which  is  quite  stable. 


CONRAD,  M.  AND  W.  EPSTEIN,  1887. 

Ber.  ao,  3052-3058  ;  J.  Chem.  Soc.  54*  253  ;  Jsb.   Chem.  1887,  1719 
Bull.  Soc.  chim.  49f  639. 
Action  of  Ammonia  on  Acetoacetic  Esters. 

Amido- acetoacetic  methyl  ester,  CHjC-  (NH,)  iCHCOaCHj,  pre- 
pared from  acetoacetic  methyl  ester  and  ammonia  gas  is  a  colorlesc 
crystalline  substance,  which  melts  at  85'  and  sublimes  unchanged 
Amido-ethylacetoacetic  methyl  ester,  CH3C-  (NH^)  C  (C,  H5)  CO,  CHj, 
formed  from  ethylaceloacetic  methyl  ester,  melts  at  36*-37.*  Referring 
to  Brandes'  obtaining  two  compounds  from  this  reaction  the  authd 
thinks  it  probable  that  he  had  some  acetoacetic  ester  with  his  ethyt 
acetoacetic  ester  and  so  obtained  the  two  corresponding  compounds, 
Araido-acetoacetic  esters  acted  upon  by  sodium  form  sodium  compoondl 
which  with  an  alkyl  iodid  form  amidoalkylacetoacetic  esters.  Amido* 
ethyl-acetoacetic  ethyl  ester  formed  similarly  melts  at  60!  Di-ethyl- 
acetoacetic  ester  will  give  no  amid  which  proves  that  these  compounds 


Arnrn   Arrric  ester  ni 

D*  una  nui  imido-lmtyric  esters.     An  interesUiig 
tto  the  melting  points  of  these  compounds.     In- 
ring  ;i  methyl  into  the  meihyl  ester  lowers  the  melting  point  26' 
wers  it  8*,  while  in  the  ^Mj'/ ester  the  iutro- 
lie  melting  point  15"  and  the  intrcKkiction  of 
in  diif  1  xiismsk  it  23! 


JAPP,  FRANCIS  AND  FELIX  KLINGE/WANN,  1887. 
Ber*  ao»  3284-3286  aod  3398-5401. 

Bcnxetir-axo-  and  Benzenehydrazo|>ro|>ionic'  Acids. 
Ihcmsian  b  tnkcn  up  in  regard  to  the  constitution  of  the  benzene- 
»<iQfinipftonic  add.  before  described,  and  the  fommia  is  changed  to 
CH,C(:NH  «  N  —  C<  Hj)  CO,  H.  as  it  is  found  to  be  identical  with 
.{kc^lbydrsuiii  pyroracenitc  acid. 


RETER5.  T.,   1887, 

I  33i^SS24  ;    h  Chem.  Soc.  54*  253  :    J^b.  Chem,  1887,  3318  ; 
BulL  Soc.  chim,  49*  696, 

Adlan  of  Aqticc^us  Ammonia  on  Alkylated  Acetoacetic  Esters  and 
of  Alcohols  on  the  Carboxylic  AtkyI  Group  in 
Aceloacetic  Esters. 

[KcpBittag  Brandts'  experiment  with  aqueous  ammonia,  the  author 

ethyl-aoetoacetic  e^ter  besides  amido-ethyl-acetoacetic 

byl-acctoacclamid,  CH^  COCPI  (C,  H5}  CONH,  melting  at 

'wlticii  b  QSidDabtcdly  Brandes'  second  body.     Methyl-,  isobutyl- 

lids  were    obtamed    from    the    corresponding 

ively  at  73^  85*  and  r  27:     The  author  finds  that 

^  taobuifl  ftod  isoamyl  esters  may  be  readily  prepared  by  the  action 

A  on  the  ethyl  ester,  especially  in  the  presence 

b  cMiJum. 
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OTTO,  ROBERT,  1888. 

Ber.  21,  89-99 ;  J.  Chem.  Soc.  54t  360. 

Analogy  between  the  Ketonic  Acids  and  the  Alkyl  Sulfones  of 

the  Fatty  Acids.  ,' 

Some  alkyl  sulfones  of  the  fatty  adds  of  the  formulae  RSOaCCH 
RSOa  CHa  CO2  H  and  RSO2  CH,  CH^  CX),  H  were  described  and  dj 
points  of  resemblance  between  them  and  the  corresponding  ketod 
acids  pointed  out. 


BERQREEN,  HENRY,  1888. 

Ber.  21,  337-352  ;  J.  Chem.  Soc.  54t  444 ;   Bull.  Soc  chim.  SO*  55& 

Thiocarbonyl  Chlorid. 

The  action  of  thiocarbonyl  chlorid  on  sodium  and  copper  acetoacel 
esters  is  given, in  this  article  (Ber.  pps.  347-348)  by  which  is  produti| 
thiocarbonylacetoacetic  ester,  a  solid  which  softens  at  152*  and  melts  | 
156'  to  162!  The  formula  [CH3  COC  (CS)  CO,  C,  HJ,  is  ascribed  to! 
as  the  author  thinks  it  is  not  a  simple  molecule.  It  will  not  react  wl| 
phenylhydrazin  or  hydroxyl-amin.  Thiocarbonyl  chlorid  acting  dj 
sodium  methyl-acetoacetic  ester  produces  an  oil  free  from  chlorin,  whid 
contains  sulfur.  It  cannot  be  distilled  and  no  crystalline  product  cii 
be  obtained  from  it. 


BONQARTZ,  J.,  1888. 

Ber.  21,  478-487  ;  J.  Chem.  Soc.  54*  478. 

Compounds  of  Aldehydes,  Ketones  and  Ketonic  Acids  with    . 
Thioglycoliic  Acid.  c. 

The  action  of  hydrochloric  acid  gas  on  a  mixture  of  thioglycofll 
acid  and  acetoacetic  ester  is  given  in  this  article  (Ber.  p.  485)  by  whidj 
a  white  crystalline  powder  is  formed  which  melts  at  95*  to  96!  It  I 
acetoacetic  ester  ditrhiogly collie  acid  and  has  the  formula 

PM    p'^(SCHaCOaH)3 
^^3^\CHaCOaCH5 
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HALLBR,  A.  AND  A.  HELD,  1888. 
Compl.  rend,  105,  115-117  :  J,  Cliem.  Soc.  52,  1029, 
Cyan-acetoacetic   Ester. 
Anew  toeUsud  of  producing  this  compoutid  is  given.     Cyanacetic 
r^nolTed  in  alcafaol  is  mixed  with  sodium  dissolved  iu  alcohol  aud 
|cht(irid  in  ether.     The  equalion  given  is  2  CH(CN)NaCO^%H5 
iCOa«NaCm'CH,(CN)CO,C,H,+  CH3COC(CN)NaCO,C,H5: 
rt  codiclu^iv^ely  that  the  composition  of  the  compound  is  that 
to  it* 


MAIXER,  A,  AND   A,  HELD,  1888. 

rend,  10*.  210-213  ;    Bull.  Six:,  dum.  49*  243  ;  J,  Chem,  Soc» 
14.  579:    Her-  Ji,  187  (C). 
Cyatt*acetoac^tic  Methyl  Ester, 

f,  CH^COCH  tCN)  CO,  CH3,  was  prepared  from  cyanogen 
tatid  a  mixtn  *  loacetic  methyl  eslt^r  and  sodium  methoxid. 

»  at  46,5'     i  o  prepared  by  treating  sodcyanacetic  methyl 

r  with  acetyl  chlorid.     The  sodium  and  calcium  compounds  were 


pfi]w«L 


aENVRESSE.  P.,  1888. 

CoBiiL  rend.  107.  6S7-689;  J.  Chem.  Soc.  56,  122  ;  Ber.  ai,  831  (C). 

Chlorifi  Derivatives  of  Acetoacetic  Ester, 

Diddur-acetoacetic  ester  can   be   decomposed  by  hydrochloric  acid 
Bto  uasymmc'  acetone,  wherefore,  (?)  the  formula  CHCU 

I, CO  '"  r,"*-*^  toil.     For  similar  reasons  the  trichlor- 

Ifititc  to  he  CCI3  COCH,  CO^C,  H5.  tetraclilor  deriva- 

JjCOCHCiCOiC, H5.    and    the    peutachlor    derivative  CCl^ 
iCOjCjM^.     Two  compounds  conlainiug,  one,  seven  and  the 
nine  atoms  of  chlorin  were  also  produced,  described  and  given 
Einlsc  C  CI.COaCH.CU  and  CCl^  COCCI,  COa  CHCI4. 

mt:. ,  *  ^  .vr  yields  similar  derivatives. 
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QEUTHER,  A.,  1888. 

Ann.  Chem.  244,  190-221  ;  J.  Chem.  Soc.  54*  579;  Ber.  ai,  295  (( 

Constitution  of  Acetoacetic,  Succinosucdnic  and 
Quinone-hydro-dicarboxylic  Acids. 

The   author  contends  for  the  constitution  of  acetoacetk  ester 
CH3  COH  :  CHCO2  C2  H5,  giving  as  a  proof  of  the  hydroxyl  group  t 
similarity  of  reactions  between  acetoacetic  ester  and  phenol  and  salicyt 
ester,  ( i )  towards  potassium  hydroxid  and  then  carbon  dioxid  wli« 
he  states,  the  original  substances  are  regained,  (2)  towards  potassiv 
cyanid,  when  potassium  compounds  are  produced,  although  the  poti 
sium  compounds  of  salicylic  and  succinosucdnic  esters  are  decompos 
into  alcohol  and  the  potassium  salts  and  the  acetoacetic  ester  compou 
is  decomposed  into  alcohol  and  the  potassium  salt,  which  laty^  is  th 
further  decomposed  into  potassium  carbonate  and  acetone.  (3)  towar 
ferric  chlorid,  as  to  the  colors  produced.     He  cites  the  easy  decom| 
sition  of  acetyl-acetoacetic  ester  as  a  proof  that  it  has  the  fonni 
CH3  CO  (COCH3)  :  CHCOa  C2  H5.     In  the  formation  of  sod-acetoacd 
ester  he  supposes  the  intermediate  bivalent  group  CH3  CONa  :  is  form 
which  unites  with  acetic  ester  liberating  two  atoms  of  hydrogen. 


MEISTER,  JOHANNES,  1888. 
Ann.  Chem.  244.  233-253 ;  J.  Chem.  Soc.  54«  675 ;  Ber.  ai,  427  (C 
Condensation  Product  of  Urethane  and  Acetoacetic  Ester. 

Acetoacetic  ester  and  urethane  condense  thus :  CH3  COCHa  00,  R- 

NH2CO,C2H5=CH3C^^^^Qj^^g5+H,0.     The  product  is  ti 

same  as  that  produced  from  chlor-carbonic  ester  and  paramido-acet 
acetic  ester  and  so  is  given  the  above  formula.  Alcoholic  potash  sapoa 
fies  it  giving  an  oil  C,2  H23  NOe ,  considered  as 

CH3  C  (OH)  CH2  CO2  Ca  H5. 

>NH 
CH3  C  (OH)  CH,  CO2  C,  H5. 

A  tribrom-derivative  of  the  condensation  product  was  formed  but 
trichlor-derivative  could  not  be  formed. 
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>Iic  atninonia  acts  on  it  to  form  a  body  C^  H15  N3  O3  ,  which 

/  NHCONH, 
may   be   represented  thus: — CH3C  /NH3  aud  which    is 

'^CHC-OH 

^nramidocrotonic  amid  together  with  one  molecule  of  alcohol. 
Boilitig  this  wnth  water  decomposes  it  into  urea,  acetone,  alcohol,  car- 
ban  dioxid  and  ammonia. 


MEWES.  Wm  1888, 

Atiti.  Chem-  ^45,  58-84  :  J.  Chem.  Soc.  54*  S17  ;    Ber.  21,  473  (C). 

Halos^en  Substitution  Products  of  Acetoacetic  Ester 

and  their  Behavior  with  Sodethoxid. 

chlorin  through  acetoacetic  ester  produces  the  niono%  di-, 
"ffi-  and  tetra-clilor*acetoacetic  esters  which  lx>il  at  194°,  205''-207°,  223"- 
225%  and  245*' 250*  respectively.  Some  difficulty  was  found  in  entirely 
scrparating  them  from  one  another.  The  bromo-ch lor- acetoacetic  esters 
were  formed  by  treating  the  chlor-acetoacetic  esters  wit!i  bromio  and 
also  by  treating  the  bromo*acetoacetic  esters  with  chlorin.  Sodethoxid 
decomposes  all  of  the  halogen  derivatives  forming  the  mono-  or  di- 
halogen  acetic  esters.  Bromoacetoacetic  ester  with  sodethoxid  yields 
siiocioosiiccinic  ester.  When  the  chlorobrom -substitution  products  are 
treated  with  sodethoxid,  sodium  bromid  is  always  formed. 


KNORR,  L.,  1888. 

Ann,  CUera.  345*  357^3^2  :  J-  Chem   Soc.  54.  nn  ;  Ber.  21,  628  (C). 

Synthetical  Researches  on    Acetoacetic  Ester.     Part  IV. 

,ilt  t  toacetic  anilid,  CH-COCH  ( CH^ )  CONHC^Hj ,  which  was 

ifi  methyl-aceloacetic  ester  and  anilin,  melts  at  138'  to  140! 
SoUiiric  acid  changes  it  into  dimethyl-carbost>'ril  [3' '4']*  ^  weak  acid 
from  which  the  dimethyl  pnxluct  C,  H^  OH  (CHV)2  N  was  obtained. 
CUorHiimcthyl-quinolin  [CI :  (CH/)2=2':y:4'],  ortlin-[4':  r],  meta-and 
p«fm-[4';3]djmcthyl-quinolin  were  described  together  with  some  phenyl, 
QitiqKeious  derivatives. 
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JAPP,  FRANCIS  AND  FELIX  KLINQMANN.  1888. 

Ber,  21 »  549-551. 

Formation  of  Mono-  and  Di-hydrazin  Derivatives  of  a-Di-lcetones. 

Methyl-acetoacetic  acid  and  diazobenzene  chlorid,  C^Hj  Nj  CI,  react 
and  form  the  moiiophenylhydrazin  derivative  of  diacetyl, 

CH3  COCCH3 

N-NHC6  H5 

wliicb  melts  at  133.'  If  treated  with  phenylhydrazin  the  di-phenyl- 
hydraziu  derivative  is  farmed.  Ethyl -acetoacetic  acid  reacts  similarly 
and  gives  rise  to  the  corresponding  compounds. 


CLAISEN,  L.  AND   N.  STYLOS,  1888. 

Ber.  at,  1144-1149;   J,  Chem.  Soc.  54»  671. 

Acetoacetic-aldehyde. 

The  sodium  compound  of  acetoacetic-ahlehyde,  CH.  COCHNaCHO, 
was  prepared  from  acetone,  formic  ester  and  sodium  ethoxid.  The  free 
aldehyde  could  not  be  isolated  ou  account  of  its  tendancy  to  break  down 
into  symmetrical  triacetyl  benzene,  which  was  made  and  described. 
The  anilid.  toluidid  and  napthalid  of  the  aldehyde  were  prepared. 
Treated  with  phenylhydrazin,  methyl-phenyl-pyrazole, 

CH  =C(CH3)^ 


cn^N 


:NC6  H5,  was  obtained. 


PECHMANN,  H.  v.,  1888. 

Ber.  21,  1411*1422;   J.  Chem,  Soc.  54,  811. 
^jc-Di  ketones. 

The  diketoues  descril^ed  in  this  article  are  prepared  from  monoalkyl 
acetoacetic  esters,  by  saponifying  with  dilute  alkali,  treating  the  pro- 
duct with  sodium  nitrite  and  sulfuric  acid  and  after  removing  the  alco- 
hol by  distillation,  adding  twenty  times  the  volume  of  dilute  sulfuric 
acid  and  distilling  with  steam.  Methyl-acetoacetic  ester  treated  in  this 
manner  gives  diacetyl,  CH^  COCOCH^.  and  ethyl-acetoacetic  ester  gives 
acetyUpropionyl,  CH^  COCOCH,  CH3, 


k,r 
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BEY  BR,  C.  AND  L.  CLAISEN,  1886. 

Ber.  ai,  1697- 1705. 

Mixed  Aeo   Compounds. 

.'  H<>ciie  tkzo  compounds  are  described  which  are  formed 
c  esters. 


QRIESS,  P.  AND  G.  HARROW,  1888. 

Ber.  ai,  2740-2743  ;  J.  Chem.  Soc.  54,  1313. 
Adioa  of  Acetoacetic  Ester  on  Hexamethylenetetramm. 

UTitn  Acetotficeiic  ester  acts  on  hexamethyleueletramin,  (CH,)^  N^ , 
[h  prefcnce  of  rinc  chlorid,  lutidin-di-carlwjxylic  ester  and  hydro- 
[hbdio^li'GU'boxyUc  e«ter  are  formed.  The  latter.  CjNHHjiCHj), 
pCCCfH)),,  melts  at  170*,  is  neutral  and  is  considerably  decomposed 
distilled.  Treated  with  hydrochloric  acid  it  gives  two  pro- 
rtDnno-  and  dimethyl  esters  of  hitidin-dicarboxylic  acid. 


MICHAEL,  A.,  18S8. 

Zlictti,  I45t  473-*530 ;   Am    ChemJ.    10,    r58-i6o  ;  J.  Chem. 
Soc,  S4<  1054  :    Ber.  3i,  530  (Q)  ;    Bull,  Soc,  chiro.  5<>»  690. 

Constilulion  of  Sodacetoacetic  Ester* 
%  the  adion  of  chiot-carbonic  ester  on  sodacetoacetic  ester,  carb- 
ciknEicetoacctsc  ester  wns  produced  which  Ixvils  unchanged  at  127*  at 
^7&«.  preasnre.  No  sodium  derivative  of  this  could  be  prepared,  con- 
'^neatJy  it  was  €Otl^idered  to  be  an  isomer  of  aceto-malonic  ester, 
*fcitli  does  easily  fomi  a  sodium  derivative,  and  its  formation  was 
Jppwed  to  be  thtts  :— CH^CONa:CHCO,C,H5+ClCO,C,H,=CH5CO 
),C,  HJiCHCOjC,  Hj+NaCL  In  the  author's  opinion  acetoacetic 
rltielf  is  :i  ketone.  He  gives  as  a  formula  for  benzalacetoacetic 
LCH^C  ;  C  *  COjCjH^ .  which  explains  its  loss  of  ketone  properties 

0-^HC«  H, 
(plain  tlic  reactions  between  bodies  analogous  to  acetoacetic 
^  ^  ^         -vdd,  CIIiCOCHaCHaCOa  H.  and  acetyl  chlorid, 
.iefoppost  1  product  thus; — 

--0— COCH3 
CHjCO-'-  etc.-f  CH,COCl=CH,— C etc. 
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and  a  subsequent  separation  of  hydrochlonc  acid  forming  a  lactom 

In  the  formation  of  sodacetoac^c  ester  an  aldol  pc^^merization  i 

supposed  to  take  place  first,  the  product  of  whidi  is  acted  upon  b 

/OCH5 
sodium  thus:— 2CH3C02Q,H5=CH3C CH,CO,CaH5,   the 

sodium  forms  CH3  C CH,  CO,  C,  H5 ,  whidi  is  again  acted  upon  b 

\ONa 
sodium  to  form  CH3  CONaCHCO,  C,  H5 ,  XaOC,  H5  and  H.  If  soditu 
be  made  to  act  on  acetoacetic  ester,  CH,  COCHNaCO,  Ca  H5  is  forme 
but  the  sodium  is  immediately  attracted  to  the  carbonyl  group  and  i 
changes  to  form  CH3  C0Xa:CHC02  Q,  H5.  When  this  last  annpono 
is  treated  with  an  alkyl  iodid.  C,  H5  i  fcx*  example,  there  is  an  additio 
product  formed  and  as  the  group — CONa=is  more  positive  than  tk 
group=CH — ,  the  iodin  add  to  the  forma*  and  the  ethyl  adds  to  tb 

/OXa 
=CH— group  forming  CH3  C CH  (C,  H5)  CO,  C,  H5  from  whic 

\i 
sodium  iodid  separates  leaving  CH3  COCH  (C,  H5)  CO,  Ca  H5. 


POLONOWSKY.  M..  iMS. 

Ann.  Chem.  246,  1-32  ;  J.  Chem.  Soc.  54*  1067  ;   Ber.  ai,  636  (C). 

Condensatloa  of  Qlyoxal  with  Aoctoaoetic  Esters. 

By  treating  a  mixture  of  glyoxal.  CHOCHO,  and  acetoacetic  estc 
with  zinc  chlorid  two  products  are  formed,  (i )  ^  P^^  soluble  in  alkal 
which  contains  methyl-furfuran  carboxyacetic  or  s>'l\*anecarboxyaceti 

acid.  0<^  J^JJ;^92'^^"^>.    which  mdts  at  207!      The  nomii 

and  acid,  methyl  and  ethyl  esters  were  produced  and  described  ;  (2)  \ 
part  insoluble  in  alkalis  which  consists  of  a  heavy  oil  and  a  crystallin 
substance,  both  ha\'ing  the  composition  C14  H,s  Oe-     The  oil  is  di-ethjl 
sylvane-carboxy-acetoacetic  ester  which  is  :  — 
CH. 

CO  CH I  CHO  C 

>o 

CH CnCO,  C.  H.^  C 

CO,  C,  H. 
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JAECKLE.  A.,  1888. 

Ana.  Qcm.  M^  3^-5^  :  J*  Chem.  Soc.  54*  U03  ;  Ber,  21,  63S  (C), 

Higher  Nomologties  of  the  Synthetical   Ryridins   and   Piperidins. 

The  oormal  pfopyMutidiu  hydrodicarboxylic  ester,  C5NH2(CH,)a 

"CjHy(CO,  CtH^), ,  obUiined  from  normal  biitaldehyde  and  ammonia 

j0o  acetoacellc  ester  and  alcoliol,  is  a  crvstalline  substance  melt- 

fUl  I  Iff      Frcnn  this  the  normal  propyl-liiddin-dicarboxylic  ester* 

^noniial  propyMutidin  were  prepared,     Hexyl* 

iic  ester  was  prepared  from  ammonia,  acetoacetic 

ami  oenanthoU  C^HijCHO,  and  from  it  normal  hexyl-lutidin, 

|)IHi(CH^)jC«H,j,      A  number  of  piperidins  were  obtained  from 

iding  pyridins  and  clescribed. 


WISLICENUS,  WILHELM,  1888. 

Ann,  Chem.  ^4^1  306-309. 

Synthesis  of  Ketone  Acid  Esters. 

^of  this  article  the  author  briefly  reviews  tlie  controversy 
ition  of  aceluacetic  ester  from  smiiuni  and  acetic  ester. 
ft  thinks  that  sodium  acts  on  alcohol  to  form  sodethoxid  and  liberate 
M^ogest^  that  the  so<lcthoxi<l  reacts  with  acetic  ester  to  produce 
^•iioeloacetJC  <^er  and  alcohol  and  lliat  thus  alcohol  is  continually 
ffodnced  and  tised  up  again.  Some  of  Uie  hydrogen  is  used  up  in 
^cwdary  reactions  and  some  is  given  off.  He  doubts  the  formation  of 
tJodacctk  enter  as  an  intermediate  product. 


JAPP,  FRANCIS  R.  AND  FELIX  KLINQEMANN,  1888. 
Aim.  Chcju.  a47t  190-225 ;  J,  Chem.  Soc.  5^«  519-544, 
Constitution  of  the  So*called  Mixed  Azo  Compounds. 
^  cumpowids  treated  of  in  this  article  were  prepared  from  aceto- 


1 


102  BIBLIOGRAPHY  OF 


PECHMANN,  H.  v.,  1888. 

Ber.  31,  3005-3006  ;  J.  Chem.  Soc.  s6t  42. 

Condensation  Product  of  Quinone  and  Acctoacctk  Ester«^ 

When  quinone,  Ce  H4  O, ,  is  brought  in  contact  with  acetoacetic^ 
in  the  presence  of  zinc  chlorid  they  react  to  form  a  substance  C,6 1 
which  melts  at  1 84!  This  substance  will  not  react  with  phenylhyd 
benzoic  chlorid,  sodium  ethoxid  or  alkyl  iodids.  Treated  with 
sium  hydroxid  and  then  an  acid  a  crystalline  dibasic  acid  C14  H| 
is  formed  which  is  insoluble  in  ordinary  solvents  and  sublimes  wi^ 
melting.     The  salt  C,4  H,o  K,  Oe  +  2H2O  was  prepared. 


CLAISEN,  L.  AND   W.  ZEDEL,  1888. 

Ber.  31,  3397-3398  ;  J.  Chem.  Soc.  54.  377- 
Action   of  Chlorcarbonic  Ester  on  the  Sodium  Derivatlvdl; 
Acetylacetone,  Acetoacetic  Ester  and  Malonic  Ester.    , 

The  product  obtained  by  treating  acetoacetic  ester  with  chlorcarlj 
ester  was  thought  to  be  the  dicarboxylic  ester  of  acetoacetic  ester 
to  have  the  formula  CH3  COC  (CO,  C^  H5),  CO,  C,  H5.* 


CLAISEN,   L.,  1888. 

Ber.  31.  3567. 

A  Correction. 

By  further  experiments  the  author  has  decided  that  the  compc 
formed  from  acetoacetic  est^r  and  chlorcarbonic  ester  is  the  mono« 
the  di-carboxylic  derivative  of  acetoacetic  ester,  that  it  is  CH3  C3£ 
(CO,C.H5)CO.C,H5  and  not  CH3COC  (CO^  C,  H5),  CX),  C^ 
stated  by  him  in  Ber.  3i,  3397.! 

*See  following  article. 
*See  preceding  article. 
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KNORR,  L.,  1889. 
Ber.  M,  146-152  ;  J.  Chem.  Soc.  5<^»  384. 
Constitution  of  Carl>opyrotritartaric  Acid. 

Fittig  gives  this  acid  the  unsymmetrical  formula 

CH3-C CHCOaH, 

I  I 

HC         CHCOa  H 

C 

o 

while  the  author  gives  it  a  symmetrical  one  : — 

COaHC-CCOaH 

I      I 
CH3C     CCH3 

\   / 
O 

Md  says  that  this  formula  is  proven  by  the  fact  that  only  one  pyrotri- 
tanaric  acid  and  only  one  hydrogen-ethyl  ester  can  be  formed  from  it. 


RAYMANN,  B.  AND  K.  CHODOUNSKY,   1889. 

Ber.  33,  304-305  ;  J.  Chem.  Soc.  56.  485. 
Rhamnodlazin. 

Rhamnodiazin,     CigHjaNaOg,     is    formed    from    rhamnose,    CH3 
CH0H)^CHO,  and  ammonia  and  acetoacetic  ester  in  methyl  alcohol 
^iution.     It  melts  at  186!      Other  glucoses  seem  to  yield  similar  com- 
pounds when  treated  with  acetoacetic  ester  and  ammonia. 
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DELiSLE,  A.,  i88g. 

Ber.  32»  306-309  ;  J,  Chem.  Soc.  5<S»  488. 

Ketosuifids  and  Keto5utfld  Acids. 

The  compound  described  in  Ber.  20,  2008,  obtained  from  acetoacelic 

ester  and  sulfur  dichlorid  is  found  to  be  CiaHigOoS  intead  of  CoHi^OeS 

aud  the  foniiula 

CH^CcCHCOaCHg 

I 
O 

S 
/ 

o 


is  ascribed  to  it. 


I 
CH^CiCHCCC.Hs 


HELD,  A.»  1889* 

Anu.  chim.  phys,  [6]  18,  468-531  ;  Ber.  aj,  287(C), 

Derivatives  of  Cyanacetoacetic  Esters. 

The  first  part  of  this  article  is  the  same  as  that  in  Bull.  Soc.  chim. 
[j]i,  306^.  By  treating  cyanacetoacetic  ester  with  aranionia.  amido- 
cyanacetoacetic  ester  CH^C  (NH2):C  (CN)  CO^R,  is  obtained  which 
melts  at  188!  It  is  neutral  wherefore  the  above  fonuula  is  ja^iven  to  it. 
When  it  is  treated  with  an  .ilkali.  sodcyanacetoacetic  ester  is  obtained. 
If  sulfuric  acid  be  added  to  the  mother  liquor  left  after  the  formation  of 
the  above,  a  monobasic  acid  Cj  He  N3  O,  is  obtained.  The  sodium, 
barium,  ammonium,  silver,  copper  and  lead  salts  and  ethyl  ester  were 
described.  When  lieated  with  hydrochloric  acid,  carbon  dioxid  is  given 
off  and  another  acid  C6H-NOa  is  formed.  The  author  is  at  work  on 
the  constitution  of  these  acids.  Ethylamin  acts  on  cyanacetoacetic 
ester  to  produce  the  compound  CH3  C  (NHC,  HO:C(  CN)  CO,  R  and 
the  acid  C9H10N2O3,  Cyanacetoacetic  ester  boiled  with  water  gives 
Cs  Hg  Na  O  which  sublimes  at  200"  and  is  a  condensation  product  of 
cyanacetone, 

CHCOCH,(CN) 


CHjCCH,(CN). 


*See  page  105, 
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HALLER,  A,  AND  A,  HELD,  18S9. 
loH.  516-518;  J.  Cheni.  Soc.  5**.  588  :    Ber.  aa,  255  (C), 
Manochlar-acetoacetic  Esters* 

T«p  oooEiochlar  den%*atjves  of  acetoacetic  ester  were  formed,  the  a, 

ladtbef.    The  latter  by  passing  chlorin  into  acetoacetic  ester  at  low 

(tBpeatm^     It  boils  at  i8S*-i89f     It  can  be  distinguished  from  the 

I  tpmdiKl  by  the  fact  that  the  latter  readily  forms  an  insoluble  cyanid 

irith  potunom  c^^antd. 


HELD,  A..  1889. 

BbE  Soc.  chtm,  [3]  1.  306-311  ;   Ber.  aa,  407  (C)  ;  J.  Chem. 
Soc.  5<S»  J 141* 
Derivatives  of  Cyanacetoacetic  Ester. 

il^  with  cyanacetoacetic  ester  to  form  a  dibrom  derivative, 
CH,BrCOCBr(CNjCO,C,H5.  a  yellowish  red  liquid  which  decom- 
poieapOD  being  distilled  even  under  reduced  pressure,       Chlorin  forms 
toil  cyanacetoacetic  ester  O*  H^  (CN)  C\j  O, .  which  boils  at  go'  to  105* 
»ilfc  X>  to  25  M.n.  pressure  and   decomposes  spoutaneously.     Ethyl- 
^inacelowretic cater  CH,  COC  ( C,  H,)  (CN )  CO,  C,  H^ .  prepared  from 
1 1  sKUcetoactiic  ester  and  cyanogen  chlorid,  boils  at  103'  to  105'  at 
VS«.B  pressure.     Potassium  hydroxid  decomposes  it  into  acetic  and 
:  addji.     Methyl-cyanacetoaeetic  ester  prepared  similarly  boils  at 
^ ^  la  92'  at  20  WL-  m.  pre^tire.     Potassium  hydroxid  decomposes  it  into 
ictticaiul  propionic  acids.     Unsuccessful  attempts  were  made  to  pre- 
|are  eyaaaceloaceltc  acid. 

»^  CURTHJS,  TH.  AND   R,  JAY,  1889. 

\  Juki,  Cbem.  [2]  M*  ay-sS :  Ber.  aa»  134  (C) ;  J.  Chem.  Soc.  Sfi* 393- 
Hydraziti. 
Oiip^ge»  51  and  $1  of  this  article  the  reaction  between  acetoacetic 
ofeeraiid  hvdnustn  hydrate,  N^H**  HjO.  is  treated  of.     Methyl  pyra- 

h1c-co 

aokoe,  I        >N!f.   is   formed  which  is  a  crystalline   substance 

;at  ai5\  wmcu  wtll  dissolve  in  both  acids  and  alkalis. 
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BIQINELLI,  P.,  1889. 

Gazz.*  chim.  I9»  212-214  ;   Ber.  m,  688  (C)  ;  J.  Chem.  Soc.  5^  768. 

Action  of  Acetoacetic  Ester  on  Cinnamaldehyde. 

When  acetoacetic  ester,  cinnamaldehyde  and  ethylen-diamin  are 
mixed  and  heated,  a  reaction  takes  place  and  a  crystalline  substance, 
C31  H36  Oe  is  formed  which  melts  at  i6o*-i6i.*  It  will  give  a  bromin 
derivative  and  is  decomposed  by  caustic  potash.  Methylamin  or  anilin 
may  be  used  in  place  of  ethylendiamin  without  changing  the  result. 
If  benzaldehyde  be  uSed  in  place  of  cinnamaldehyde  a  compound  free 
from  nitrogen  is  obtained  but  if  propaldehyde  is  used  a  compound  con- 
taining nitrogen  is  produced. 


BIQINELLI,  P.,  1889.      . 

Gazz.*  chim.  19.  215-217  ;   Ber.  m,  689  (C)  ;  J.  Chem.  Soc.  5B,  732. 

Action  of  Acetoacetic  Ester  on   Dextrose  in 
Aicolioiic  Ammonia. 

In  this  reaction  two  compounds  are  formed,  C16  H26  Og  N  a  neutral 
substance  which  melts  at  189"- 190*  and  doHjeOsN,  which  melts  at 
i30'*-i3if  The  latter  was  formed  in  sealed  tubes  at  loo*  to  i  lo!  The 
author  is  continuing  the  investigation  of  these  reactions. 


KIPPING,  F.  STANLEY   AND  W.  H.  PERKIN,  Jr..  1889. 

J.  Chem.  Soc.  55.  330-35i  ;  Ber.  33,  571  (C). 
a-ro-diacetyi-pentane  and  a-tt;-dil>enzoyi-pentane. 

In  the  researches  upon  these  compounds  the  first  one  was  made  from 
acetoacetic  ester.  Sodacetoacetic  ester  was  treated  with  trimethylene 
bromid  and  after  the  reaction  more  sodium  dissolved  in  alcohol  was 


^Original  article  not  consulted. 
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added.     This  process  gave  a  much  better  yield  than  any  other  method 
tried.    Tbe  prodact  obtained  is  inethy l-dehydrohexone  carboxylic  ester, 

CH3 

C  — O      —  CH, 
C— CH,  — CH,. 
CO,  C,  H5 

I M  dunged  by  bydrobromic  acid  into  aceto-butyl-bromid,  CH,  CO 
«),  Br.  and  this  by  sodacetoacetic  ester  into  «-w-diacetylcaproate. 

CO 

CH— (CH.)4COCHj, 

COaCH^ 

ith  potassium  hydroxid  the  free  acid  is  produced  and  by 

this  carbon   dioxid   is  given  off  and    a-fti-diacetyl-pentane> 

CB,C0(CHj)jCOCHj,  is  obtained.     Several  derivatives  of  this  are 


R.,  FRITZ  VON  EYNERN  AND  ADOLF  DIETZEL,  1889. 

Ami.  Chem.  aso,  166*211  ;  J.  Chem,  Soc.  s^*  592  ; 
Ber.  M,  200  (C). 

^  Condensation  of  ^«Ketonlc  Esters  with  Dibasic  Acids. 

a  dMis^ioti  of  the  constitution  of  the  products  of  condensation 
of  modiiic  and  pyruvic  adds  with  acetoacetic  ester,  it  is  decided  that 
Atyaitall  derived  from,  either 


CO< 


CH:CH 


,CH:CH 


CH.CH,    ^^f^^"^^^^^>^CHCH. 

^Tdtritartaric  actd  is  now  cSiUed  uvitic  acid  and  carbpyrotri tartaric 

«cid  U  DOW  called  carbuvitic  acid.      When  acetoacetic  ester,   acetic 

p^lilrid  and  sodtum  succinate  are  heated  together  they  give  hydrogen 


I08  BIBLIOGRAPHY    OF 

methronic  ester,  Cg  H7  (C^  Hj)  Oj,  a  crystalline  substance  which  melts 
at  75°-76r  The  calcium,  barium  and  silver  salts  were  described.  From 
it  was  prepared  methronic  acid, 

CH3  C  -  CHCO,  H 

II        I 
CO,  HC      CH, 

\    / 
C 

o 

which  decomposes  at  high  temperatures  to  form  uvic  acid.  Methronic 
diethyl  ester,  CgH6(CaHj),05,  and  a  phenylhydrazin  derivative  were 
also  described.  By  heating  acetoacetic  ester  and  pyruvic  acid, 
CHj  COCO,  H,  with  acetic  anhydrid,  hydrogen  methyl  methronic  ester 
is  formed  and  from  this  the  methyl-methronic  acid  which  is 

CH,  C  —  CHCO,  H  CH,  C  —  C<9?\, 

HI  II       I     ^^*^- 

CO,HC       CHCH3     or      CO,HC      CH, 

c  c 

o  o 

No  acid  salts  of  this  are  known  but  the  normal  calcium,  barium  and 
silver  salts  were  described.  Methyl-methronic  diethyl  ester  was  also 
described.   From  methyl-methronic  acid  were  obtained  methyl-uvic  acid, 

CHj  C  -  CHCO,  H  CHj  C  -  C  ^2*  ^ 

II        I  N        I  ^^' 

HC       CHCHj       or  HC       CH, 

\     /  \   / 

c  c 

o  o 

and  dimethyl-keto-pentene, 

CHj  C  -  CH,  CHj  C  -  CHCHj  , 

U         I  or  II         I 

HC       CHCHj  HC       CH, 

\    /  \   / 

C  C 

O  O 
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ZURCHBR,  H.,  1889. 

Ann.  Chem.  2150,  281-294 ;    J.  Chem.  Soc.  5^t  725  ;    Ber.  M,  258  (C). 

Action  of  Thiocyanates  and  Thiocarlmniids  on 
Chlorinated  Acetoacetic  Esters. 

Mcthyl-oxythiazole-carboxylic  ester, 

COaCaHjC  — S, 

I         I 
CH3C       COH 

\    ^ 

N 

is  formed  from  monochlor-acetoacetic  ester  and  a  metallic  thiocyanate. 
Some  of  its  reactions  and  derivatives  are  described.  Thiocarbamid 
icting  on  monochlor-acetoacetic  ester  gives  amidomethyl-thiazole- 
carboxylic  ester, 

COaCaHj— C— S 

II        I 
CH3  — C      CNH, 

\    ^ 

N 

trom  which  the  free  acid  and  some  of  its  salts  were  obtained.  Dichlor- 
Jcttoacetic  ester  reacts  with  barium  thiocyanate  to  form  a  compound 
C:4H,fc07N,Sa .       With  thiocarbamid   dichlor-acetoacetic  ester  does 

oot  react. 


FEIST,  FRANZ,  1889. 

Ber.  23.  1 570- 1 57 1  ;  J.  Chem.  Soc.  5<^»  957  ;  Bull.  Soc.  chim.  [3]  3.  657. 
Deliydracetic  Acid. 

Dehydracetic  acid  when  treated  with  hydriodic  acid  gives  dimethyl- 
Pyrone,  CO<pJ^!q[q|^^;  >  O,  which  melts  at  132%  boils  at  248°-249" 


1 
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at  719  m.m.  pressure.     An  aqueous  solution  of  this  gives  with  bl 
hydroxid  C7H8O3  Ba  a  (xantho)  barium  salt, 

O-Ba-0 

I  I 

CH3  C  CCH3 ,  j 

n         I  ^ 

CH  CH 

CO  •' 

which,    when    treated    with    hydrochloric    acid    gives    a    tri-1 
CH3  COCHa  COCHa  COCH3 ,    which    melts    at    49^    and    at 
temperatures  gives    off    water    and    forms    dimethyl-pyrone 
When  the  triketone  is  heated  with  ammonia,  lutidone  is  formed. 


KRAFFT,  F.  AND  J.  MAI,  1889. 

Ber.  33,  1757-1759  ;  J.  Chem.  Soc.  5<^t  1017. 
Myristic  Aldehyde. 

When  myristic  aldehyde,  C,3  H27  CHO,  ammonia  and  acetoacetk 
are  mixed  a  reaction  takes  place  and  hydrotridecyl-lutidin-dicarbc 
ester, 

C13  H27 

c 

CO,  C,  H5  CH     ceo,  C,  H5  , 
CH3CH     C  — CHj 

N 

is  formed,  which  melts  at  60!  From  this  were  formed  the  < 
ponding  compounds; — tridecyl-lutidin-di-carboxylic  ester,  tl| 
lutidin-di-carboxylic  acid  and  tridecyl-lutidin. 
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SCHONBRODT,  R.,  1889. 

AotCbcHL  aSJ^  t68-2o5  :  J.  Chem.  Soc.  5^,  27  ;   Ber.  n,  680  (C), 
Derivatives  of  Acetoacetic  Ester* 

Bfpiisiog  chlodts  through  cupracetoacetic  ester  in  chloroform  the 
Bud  di-chlor  derivatives  were  fonned  and  the  corresponding 
k  (ierivattves  were  ^milarly  formed.  lodacetoacetic  ester  pro- 
from  cnpTBCctoacctic  ester  and  iodin  is  an  unstable  oil  which 
>ai  25*  in  a  vacnnm,  its  specific  gravity  is  1.705  at  14'.  in 
rsotntton  it  gives  a  blood  red  color  with  ferric  chlorid.  Silver 
diorid  coovcns  il  into  mono-chlor-acetoacetic  ester.  When  treated 
titkitlvcT  Qitrite  an  oil  is  produced  which  gives  a  blood  red  color  with 
feme  dikirtd  trnd  sulfuric  add  and  which  is  probably  nitroacetoacetic 
oter  Treated  with  phcnylhydrazin  it  gives  phenyl-raethyl-nitroso' 
(7ni)olooe|  I  :  5:  4  :  5],  Sodacetoacetic  ester  and  iodacetoacelic  ester 
I  p\-  i!Li£^ti^itiN  nne  ester.  lodacctoacetic  ester  and  metallic  silver  give 
CH^COCCO.R 

utumanc  rstcr,  .,-^   r^rx^^r^r^  «*     Cupracetoacetic  ester  boiled  in 
Co  J  CULLU,  K 

Milfur  gives  thioacetoacelic ester.     In  presence  of  alcohol, 

is  on  cupracetoacetic  ester  to  form  acetoacetic  ester  and 

f'Ctbyl  pbo!tphtte«   P  (OC,  VL^)y      Cupracetoacetic  ester  and  arsenic 

ftrous   chloride   arsenic   and   mono-chlor-acetoacetic 

ul  attetnpts  were  made  to  replace  hydrogen  by  copper 

ia  Qiethyl'SiceioacctJc  ester. 


OABRIEU  S.  AND  J,  KAUSMANN,  1&89. 
Ber.  ^a»  J017-2019  ;  J.  Chem.  Soc.  s^*  1172. 
oj  Orthocyanotienzylchlorid  on  Sodacetoacetic  Ester. 

In  lilts  reaction  two  products  are  formed,  a  small  amount  ofdi-ortho* 

cnooheMyUceloacelic    ester.     CH3  COC  (CNC^  H,  CH,),  CO,  CHj  , 

mi  1  mncb  larger  amount  of  orthocyanobenzylacetic  ester,  or  ortho- 

cTiaAidro-di  ster.  (CXC^H,  CH/)  CH,  CO.CaH^.    The  latter 

91  colorless,  r,  ne  substance  melting  at  98*-99"  which  is  decom- 

fttol  wliea  wafiDed  with  hydrochloric  acid  into  cc-hydrindone.  carbon 

CO 
dttiid,  iIcdIioI   and    ammonia.    a-Hydrindone.    C^  H4  <pxT  >  CH,. 

^iTstaUtzifi  and  mdi^  at  40*  and  boils  at  243*- 245.*     Diortho-cyano- 
henjbcetoacetic  ester  is  a  colorless  crystallitie  substance  which  melts 
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TIEMANN,  R,  1889. 

Ber.  32,  Z4 1 2-24 1 7  ;  J.  Cliem.  Soc.  S^,  44. 

Action  of  Acetaldehyde  and  Acetoacettc  Ester  on  Benzenyl- 

amidoxim, 

Acetoacetic    ester    and     benzenyl-amidoxim.    C^  H5  C  ^  ^j^ 
react  to  form  benzeiiylaceto-ethenylazoxim, 

C6  H5  C  t^  K^S^^^^^  COCH3 . 
Alkalis  decompose  it,   forming  beuzeiiyl-ethenyl-azoxim^ 


and  acetic  acid.     Tiie  oxim. 

C6H, 
and  the  hydrazone, 


C6  H5  C^^_^CCH,  C  :  (NOH)  CH3 . 


C6  H5  cf  J5.^i=^CCH,  C  :  (N,  H  Ca  H5)  CH^ . 


were  also  described. 


BUCHKA.  K,  AND  C,  SPRAOUE,  1889. 

Ber.   32,  2541-2556  ;     J,    Chem.   Soc,   5S.   2S. 

Thioacetoacetic  Ester. 

This  substance,  CHigOeS,  melts  at  76'  and  forms  a  sodium 
derivative  CiHisNa^OftS-  Schonhrodt  has  proven  that  tlie  sulfur  is 
joined  to  the  a-carbon  atom  and  not  to  oxygen.  Phenyl hydrazin 
reacts  with  it  to  form  phenyhnethyl-pyrazoloueketo-phenylhydrazone 
or  phenylmethyl'pyrazoIonazobenzene» 

NHNUH, 

II 

C  —  CO  , 

\ 
NC6H5 

/ 

CH,C  ^  N 

and  a  yellow  substance  which  appears  to  be  Cto  H^  Nj  SO.  The 
compound  which  Schonhrodt  describes  as  phenyl  met  hyl-nitrosop\Ta- 
zolone  is  identical  with  phenylmethyl-pyrazolonazobenzene,  Thio- 
acetoacetic  ester  unites  with  paratolylhydrazin  and  a-naphthylhydrazio 
yielding  a  series  of  complicated  compounds  in  each  case. 
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MICHAELIS.  A.  AND  OSCAR  BURCHARD,  i88g. 

Ann.  Chem.  354,  115-128. 
iyntliffWi  by  Means  of  Sodium-phenylhydrazin.     Ethylenphenyl- 

hydrazin, 

louir  Li^i  paragr    ]  !!   ^t  this  article  mention  is  made  that  ethylen- 
I pbajrlltydram   ca-^il>    cnulenses   with   acetoacetic   ester  to    form   a 
kiatiftil  cryitalttne    substance    which    melts    at    54,"     It    is  being 
ims^piled  by  the  atithons. 


RAYMAN,  B.  AND  O.  POttL,  i88g, 

Bcr.  M.  5247-3249:  J.  Chem.  Soc,  5^,  355. 

Rhamnodiazin. 

Ikunodtarait  Ctn  H^  Og  N, ,  is  further  studied  but  no  very  definite 

fiBiltsare  obtained.     Its  constitution  is  probably  CH5(CHOH)4CH 

I  CH 

WSiC  <  «tf^  «^  n  %i  \       When  rhamnose,  acetoacetic  ester  and  an 

•  WliiCUtCirij;,* 

m  mixed  they  form  rhamnosamin. 


KlPPfNO,  F.  STANLEY   AND  W,  H.  PERKIN,  Jr.,  1890. 

J.  Chem.  Soc.  57*  29-38  ;    Ber.  «,  249  (C). 

a-a>-Dlacctyl-«-rt;-diethylpentaiie. 

Ih^ance  whase  proi^erties  and  reactions  are  described  is 
treating  sodacetoacetic  ester  wnth  tri-methylene  bromid. 
Tkee  tmb^tano^  combine  to  form  a-ct/-diacetyl-a*f«>-diethyl*pimelic 
G^wktcb  is 

CH^  CH3 

CO  CO 

C(C,H,)-(CH,)j-C(C,HO 
CO,  C,  H5  CO.  C,  Hs 

t  thi*  b  bdlcd  with  alcoholic  potash  there  is  formed  «•  w-diacetyl- 
tyl-pentaoc.    CHj  COCH  (C,  H,)  (CH,),  CH  (C,  Hj)  COCHj. 
Lwdlaftaome  ui-nrrtvI-a-<u-diethvl-caprojc  acid. 


1 
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PERKIN,  Jr.,  W.  H.,  1890. 

J.  Chem.  Soc.  57t  204-241. 

a— o'-Diacetyladipic  Ester.  1 

Sodacetoacetic  ester  and  ethylene  bromid  react  to  form  two  prodnd 

CH  CO  CHa  •? 

(i)   acetyl-trimethylene-carboxylic  ester,  qq^R    '^^"^^ptt  '  *"*^  ^ 

^z— a'-diacetyladipic  ester,  ^^r°>  CHCH,CH,CH  <^r*  tj 

latter  compound  is  a  thick  colorless  oil,  rather  difficultly  separi| 
from  impurities,  which  decomposes  some  when  distilled  3rieldingg 
mixture  of  several  compounds.  It  will  g^ve  a  diphenylhydrail 
derivative, 

CH3  C  (N,  HC6  N5)  ^  ^^^^^  ^^^  ^^  ^  c(Na  HC6  H5)CH3, 

which  melts  at  145*  and  when  heated  higher  gives  bis-phenyl-meti| 
methylene-pyrazolone, 

C6H5N  NC6H5 

/  \  y   \ 

N     CO  OC       N         . 

II      I  11 

CH3  C-CHCH,  CHa  CH-CCH3 


Many  other  reactions  and  derivatives  of  a— o'-diacetyladipic  ester 
g^ven. 


FEIST,  FRANZ,  1890.  ^ 

Ann.  Chem.  357.  253-297  ;  Ber.  23.  463  (C).  -^ 

Dehydracetic  Acid. 

In  this  long  article  account  is  given  of  a  study  of  dehydracetic  al 
made  in  order  to  determine  its  constitutional  formula  and  its  relatioi^ 
its  isomers.  A  large  number  of  reactions  are  described  and  a  g^ 
many  of  its  derivatives  are  produced  and  their  constitution  determiiri 
A  figure  is  given  representing  the  most  important  reactions  and  a  tti 
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erf   the  three  isomeric   bodies   C8H8O4- 
I  awgad  the  (bllowiag  formulae.     For  dehydracetic  :— 

CH5C— o~     c=o 
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They   are 


Kirthetiiitonicnc  forms  of: — 


CH-CO— CHCOCHj 


CH,— C— O  — C:0 


CH^-C— O  —        C^O 

CHC  (OH)  :  CCOCH5  or :—      CHCO— CC  (OH)  CH3 , 


Rr*-«-dmicthyl-pyron-carboxylic  add : — 


CH^C—  O—  CCH3 
CHCO-C— CO.H 


jydracetic  acid  : — 

CH,C O- 


CHC(CH3):CC0,H. 


PETERS,  THEODOR,  18^. 
►  Chem.  a57»  539-355  »  J*  Chem.  Soc.  58,  1097  ;  Ber.  V,  46S  (C). 
of  Alkyl    Substituted   Aceloacetic  Esters  with  Ammonia. 

>u  of  ammonia  on  these  esters  two  products  are  formed 
»^,.  ,,  jmido-cTolomc  acid,  CHjC  (NH,) :  CRCO,  R.  aud  (2) 
j^j^^Jkylacctoacetic  acid,  CH^COCHRCONHa »  but  the  former 
'  ti  pftwlticed  wheti  anhydrous  ammonia  is  employed.  Ethyl- 
jtic  methyl  ester  yields  ethyKamido-crotonic  methyl  ester. 
HiC  (NH.)  :  C  (C,  H5)  CO,  CHj ,  which  melts  at  35'**36%  and  ethyl- 
mitl  CH,  COCH  (C,  H,)  CONH, ,  melting  at  96^  Methyl- 
rcsier  yields  melhyl-acetoacetaraid.  CH3COCH(CH3)CONHa, 
■dibg  at  jX  a-Methyl-^-amido-crotonic  ester  melts  at  53!  Isobutyl 
Aortcnce^^  Us  at    S8\    «-isobutyl-/9-amido-crotonic   ester  melts 

lit''4j\  .,..,,.,l-acetoacetamid,  CH^COCH  (CjH.x)  CONH, ,  melts 
lug*  and  a-iMiamyl-,3-araidO'Crotouic  ester,  CHj  C  (NH,)  :  C  (C5  H,,) 
^^H, ,  melts  at  50:  Diethyl-acetoacetic  ester  is  not  attacked  by 
hydrous  or  aqueous  ammonia. 
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PETERS,  THEODOR,  1890, 

Ann.  Chem.  2S7t  353^358  ;  J.  Chera.  Soc,  58,  1096  ;  Ber.  23,  468  (C} 

Action  of  Alcohols  on  Acetoacetic  Ester. 

When  a  Hule  sodium  is  dissolved  in  the  alcohol,  methyl,  isopropyl 
and  isoamyl  alcohols  will  convert  acetoacetic  ester  into  the  methyl 
isopropyl  and  isoamyl  esters  respectively,  slowly  at  ordinary  tempera- 
tures but  quickly  if  heated.  Even  in  the  absence  of  sodium,  isopropyl 
and  isoamyl  alcohols  will  thus  convert  acetoacetic  ester  if  the  mixtures 
be  boiled  together,  wiiile  methyl  alcohol  has  no  action  in  the  absence 
of  sodium.  Ethyl-acetoacetic  ester  reacts  similarly  with  these  alcohols. 
AcetoWtic  isobntyl  ester,  CH^  COCHjCO^C^  H^ ,  boils  at  i98'-202' 
and  its  ethyl  derivative,  CH^COCHfC.H^lCO.QH^,  boils  at  2ii'-2i5r 
Acetoacetic  isoamyl  ester.  CH^  COCH,  CO^  C5  H„  ,  boils  at  2i7*-2i9'* 
and  its  ethyl  derivative,  CH3COCH  (C^  H5)  COj  Cj  Hn  ,  boils  at 
226^-230! 


MICHAELIS,  A.  AND   B.  PHILIPS.  1890- 

Ber.  23.  559-561  ;  J^  Chem.  Soc.  S^*  582. 
Thio-acetoac€tlc  Ester. 

This  substance  was  prepared  by  treating  acetoacetic  ester  with 
thionyl  chlorid,  SOCIa:  it  melts  at  loo'-ioi!  When  treated  with  an 
excess  of  phenylhydrazin  it  gives  phenyl  met  by  Ipvrazolonazobeazene 
which  melts  at  156*,  but  when  twice  the  molecular  proportion  of 
pheuylhydrazin  is  added  in  cold,  acetic  acid  a  compound  of  the  com- 
position Cjo  H^a  N4  O4  S  is  produced.  This  is  probably  thioacetoacetic 
phenylhydrazid  which  is 

CH,  COCHCONa  H,  Q  H5  ~ 

>S  ; 

CHj  COCHCON,  H,  C^  H5 

it  decomposes  at  185!     When  this  is  heated  with  an  excess  of  phenyl! 
hydrazin  it  forms  phenylmethyl  pyrazolouazobeuzene, 

N  — CdHs 
/  \ 
N     C:0 
II       I 
CH3C  — C  =  NNHC6H5. 
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BUCKA,  K.  AND  CH.  SPRAQUE,  1890. 

Ber.  33.   847-855  ;  J.  Chem.  Soc    5^   796. 
Action  of  Phenylhydrazin  on  Thioacetoacetic  Ester. 

Whtn  these  substances  react  in  cold,  glacial  acetic  acid  in  the  pro- 
portion of  one  molecule  of  thioacetoacetic  ester  to  two  molecules  of 
phenylhydrazin  they  form  thiophenylmethylpyrazolone, 

C6  H5  C6  H5 

Ck>H,8N,SO,-  I  I 

N  N 

/    \  /    \ 

N     CO  OC        N 

II  I       '    II 

CHjC  — CH-S-HC  — CCH3 

and  not  C»  H,,  N4  SO4  as  Michaelis  and  Philips  state  in  their  article 
(*which  see).  It  decomposes  at  183®  without  melting,  is  soluble  in 
alkalis  and  forms  stable  salts  with  strong  acids.  When  heated  with 
in  excess  of  phenylhydrazin  it  goes  over  into  phenylmethylpyrazolone- 
ketophenylhydrazone  which  is  the  same  as  Michaelis'  phenyl-methyl- 
pyrazolonazobenzene, 

C6H5 

N 
/    \ 
N      CO 

II         I 
CH3C  -  C  =  N  — N— H  — C6H5 


CLOEZ,  Cm  1890. 

Compt.  rend,  no,  583-586  ;  J.  Chem.  Soc.  5®*  739  ;  Ber.  23,  284  (C). 
Hydroxytetric  Acid. 

By  treating  methyl-acetoacetic  ester  with  bromin  dibrom-methyl- 
acetoacetic  ester,  Ce  H7  Br^  (CH3)  O3  ,  is  formed,  and  when  this  is 
treated  with  alcoholic  potash,  hydroxytetric  acid,  C5  H6  O4 ,  is  obtained, 
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which  melts  at  2oir-202!  By  the  action  of  water  on  dibrom-methyl> 
acetoacetic  ester  in  presence  of  barium  chlorid  hydroxytetric  ester, 
C5  H5  (C2H5)  O4  ,  is  obtained,  it  melts  at  Gj^-SS"  and  has  an  acid  te 
action.  By  treating  an  alcoholic  solution  of  hydroxytetric  acid  wit! 
gaseous  hydrochloric  acid  a  body  boiling  at  224'*-226'*  and  having  thl 
composition  of  hydroxytetric  diethyl  ester  is  obtained. 


CLOEZ,  C,  1890. 

Bull.  Soc.  chim.  [3]  3f  602-605  ;  Ber.  a3f  435  (C). 

Identity  of  Hydroxytetric  and  Mesaconlc  Acids.  ' 

The  author  proves  the  identity  of  these  acids  by  their  melting  pointii 
solubility  in  water,  volatilization,  brown  color  given  with  ferric  chlorU 
and  the  same  reactions  towards  bromin  and  acetyl  chlorid. 


HALLER,  A.  AND  A.  HELD,  1890. 

Compt.  rend.  111,  647-650  ;  J.  Chem.  Soc.  60,  171. 

/-.Cyanacetoacetic  Esters  and  their  Chlor-imido  Derivatives. 

7'Cyanacetoacetic  ester  boils  at  135"  to  138*,  at  40  to  45  m.m.  pres* 
sure,  with  some  decomposition.  Treated  with  hydrochloric  acid  la 
alcoholic  solution  the  hydrochlorid  of  the  imido  ester  of  acetone-dicap* 
boxylic  ester,  CH,  (COaC^Hs)  COCH^C  (OCHs)  (NH),HC1,  is  formdi 
which  is  very  unstable  being  decomposed  by  water.  T'-CyanacetoacetiK 
methyl  ester  boils  at  217*  to  218*  and  when  treated  with  hydrochlork 
acid  in  methyl  alcohol  it  yields  the  hydrochlorid  of  the  imido  ester  1^ 
acetondicarboxylic  methyl  ester  +  one  molecule  of  HCl  which  is  eithd 
CH,(CO,CH3)CH(OH)CHClC(OCH3)(NH),HCl  or  CHC1(C0,CHJ 
CH(OH)CHaC(OCH3)(NH),HCl. 


ACETO    ACETIC    ESTER 


NEF.  J.  U.,  i8ga. 


(19 


^AflttCbcm*  ^s*»   261-318,  Am.    Chera.  J.    I2»  379-425;  J.  Chem. 

Soc.  s8,  9S3. 

Tautomeric  Compounfls. 

la  tlii  arUcIe  acetoacetic  ester  is  considered  and  the  author  decides 

I  that  it  ii  a  tatitomeric  compound  ;  that  the  sodium  derivative  has  the 

combiued  to  oxygeu,    thus:   CH3  CONa  :  CHCO.C,  H^ .  but 

t  the  ester  itself  and  its  alkyl  derivatives  have  the  ketouic  oxygen, 

CH,COCHRCO,R,       By    treating  sodacetoacetic  ester  with 

f knojrl  chlorjd  two  compounds  were  produced,  the  principal  one  was 

oyl*acetaacetic  ester  and  the  minor  one  was  dibenzoyl-aceto- 

carter,  CHjCOC(COC6Hs)aCO^CaH5,  which  has  never  been 

I  before.     It  is  very  unstable  and  cannot  be  distilled  even  in 


BBHREND,  R.  AND   PAUL  ERNERT,  1890. 
.Oiem.  as^.  360-362;  J.  Chem,  Soc.  5^*  1240:  Ber.  aj.  643(C). 
Coodensatloii  of  Carbamid  with  Acetoacetic  Ester. 

'» — M  condenses  with  sodacetoacetic  ester  to  form  a  compound 
Of  Na ,  which  is  probably  represented  by  the  formula 

CH,  CH3 

CONa-HN-CO-  NH-CONa 
CH,  CH, 

CO.CtHj  CO^CaHs. 

[ittttits  at  165*  and  is  decomposed  by  water.     It  is  also  decomposed, 
itg  cartxm  dioxid   into  its  alcohol   solution,  into  carbamid, 
[  ester  and  sodium  ethyl  carbonate,  NaC,  H5  CO^. 
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HANTZSCH.  A..  1890. 

Ber  33.  2339-2342;  J.  Chem.  Soc.  5^  1238. 

Haiogen  Derivatives  of  Acetoacetic  Ester. 

The  action  of  thiocarbamid  and  thioacetxunid  00  the  bd 
derivatives  of  acetoacetic  ester  are  used  to  distinguish  betweaf 
and  y  positions  for  the  halogen  thus :  \ 

CH,Br    HS  CH-S  \ 

II  \        \  \ 

CO   +       C-(NH,orCHj)«»    '  C       C-(NH,al 

\  //  I  \  //  ^ 

CO.RCH,     HN  CX),R-CH,N  j 

which  is  amido-  or  methyl-  thiazylacetic  ester  and 

CO,R-CHBr         HS  CO,RC-S 

II  II 

CH3CO     +         C-(NHaOrCHj)=  CHjC    C-(NH,or 
^  \^ 

HN  N 

Bromin    acting   on    acetoacetic  ester  g^ves  the  y  product  but 
cupracetoacetic  ester  is  treated  with  bromin  the  a  product  is  obt 
Chlorin  acting  on  acetoacetic  ester  gives  the  a  product.     Methyl- 
thiazole, 

CH-S 

I         I 

C.       C-CH3, 

l\  ^ 
CHs  N 

was  produced  from  methyl-brom-acetoacetic  ester  showing  it  to 
J  product  and  trimethyl-tbiazole, 

CHj-C-S 
II      I 
CHjC    CCHj. 

\// 

N 

was  produced  from  methyl-chlor-acetoacetic  ester  showing  it  to^ 
a  derivative. 
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DITTRICH,  E.*  i8go. 
Ber.  ajf  2720-2725  ;  J.  Chera.  Soc,  5^.  1418. 
Actton  of  Fkric  Chloriil  on  Sodacetoacetic  Ester. 

Bf  tibt  actioii  of  picric  chlorid,  Cs  H,  (NOi)j  CI,  on  sodacetoacetic 
tSBe  iht  moDCH  or  di*  Irinitropheayl-acetoicetic  ester  is  formed, 
COIi£b(  to  lire  proportion  of  picric  chlorid  used.  Trinitrophenyl- 
«teioetfc  cHtcr.  CH^COCH[C6H,  (NOJ^jCO.CHs ,  melts  at  98% 
ditthts  in  alkalU  from  which  soUttion  weak  acids  precipitate  it* 
K'  ^  ester,  CH,COC[C,H.(NO.)3],CO,C,H5, 

,  iiion  ;  alcoholic  potash  dissolves  it  aud 
10^  ivcdpilate  not  the  same  but  trinitrophenylacetoacetic  ester. 
Wkn  trinjirophenyl  acetoacetic  ester  is  boiled  with  sulfuric  acid  trini- 
Iropfcenyl  aceionc.  CHjCOCH,  [Q^H,  (N0,)3],  is  formed  which  melts 
I^S^T  TWs  oonden^^es  with  phenylhydrazin  to  Ci5H,3N5  06.  which 
sckiwith  decorapositioQ  at  125.* 


JJ^SCHUTZ,  R..  R  BENDIX  AND  W.  KERP.  1890. 

259*  148-186 ;  J,  Chem.  Soc,  60,  172  ;  Ber  23.  734  (C). 

Mesilene  Lactone  and  Isodehydracetic  Acid, 

llneh  of  the  wi»rk  done  by  Hantzsch  on  the  condensation  products 

oTtceioftceticesler  has  becu  repeated  by  the  authors.     They  corroborate 

QiibriBilbe  f  ne  lactone  and  isodehydracetic  acid,  (CgHgO^), 

■  tat  find  that  t  1  oiideusation  product  is  a  mixture  of  isodehydra- 

^ptic  add  and  its  ethyl  ester.     Isodehydracetic  methyl  ester  melts  at 

^■l^^^oife  at  167*  under  14  m.m.  pressure,  it  can  lie  obtained  by 

^^^^^Phle  pcltassttim  salt  with  methyl  iodid  or  by  condensing  aceto- 

noetic  meilirl  ester.      Unsuccessful  attempts  were  made  to  prepare 

BiatiicJi's  homomeiaoonie  acid  ;  by  treating  isodehydracetic  ester  with 

I  twoacids  wereobtained  ;  ( i)  Co  Hi^  O4  which  melts  with  decom- 

titioQ  at22l^  is  almost  insoluble  in  ether,  benzene,  chlorofonn  and  cold 

soluble  in  boiling  water.      Its  potassinm» 
id  methyl  ester  were  described.     The  second 


] 
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acid  Cg  H,o  O3 ,  melts  at  149*,  is  soluble  in  alcohol,  ether  and  chlorol 
and  decomposes  at  160*;  its  barium  and  silver  salts  were  descdj 
Isodehydracetic  ester  is  converted  by  warm  anhydrous  ammoniai 
the  corresponding  lactam,  identical  with  the  substance  obtained 
Collie  by  the  condensation  of  )9-amido-crotonic  ester.  The  chaii| 
represented  thus :  ' 

CHj  CHj 

I  I 

C  C 

CCCHjC      CH  CCCHjC       CH 

II  II 

CHjC       CO  CH3C       CO 

\  /  ^  y 

O  N 

H 
Isodehydracetic  ester  Caroxethylmesitenlactaai 

Mesitene  lactone 

CH, 

I 
C 

HC      CH 

I         I 
CH3  C       CO 

o 

is  changed  by  ammonia  into  mesitene  lactam 

CH, 

I 
C 

/    \ 
HC      CH 

I         I 
CH3  C       CO 

\  / 

N 

H  .  , 

An  alcoholic  ethereal  solution  of  isodehydracetic  ester  treated  in. 
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wth 


I  lonn^   a  compound  CioHigN,  O4.  if  moisture  be 
'resettled  thus  : — 


CO,  RC     CH 

I        I 
CHjC      C< 


ONH, 


[Ittddfdracetic  ester  can  be  prepared    frora  sodacetoacetic  ester  and 
lie  esier  which  proves  its  constitution  thus  r — 

CQ,CtH5CH3 

C:CH, 


CO,C,H5 
CH,CO— C 


H 


CiCHrrCHjCrC- 
C,  H5  O  CO  o 


C:0 


AUTENRIETH.  W.,  1890, 
Ann.  Cbem  ^S9*  3<>5-373  ;  J-  Chem.  Soc.  60,  204. 
Sulfur  Derivatives  of  AcetoaceUc,  Methylacetoacetic  and 
Ethylaceloacetic  Esters. 

ByiwUng  ^^'ditbUii>hen>  Ibutyrie  ester,  CH.CiSC^H, ),CH,C03C,H5, 
Alftiric  acid   and  potassium  permanganate,   /5?-dipbenylsuIfoue- 
ester,  CHi  C  {SO,  C*  H^),  CH,  CO,  C,  H^  ,  is  obtained,  it  melts 
t9r»  **  *;.  ^   ' ^      Ti  hot  alcohol,  ether  and  benzene  and  insoluble  in 
1  diclhylsuironebutyric  ester,  CH3  C  (SO^  C,  H^)^  CH 
iH^i  CO,Ci  H5  »  formed  in  a  similar  manner  from  the  condensation 
ethyl  Tian   and   ethyl-acetoacetic  ester,    melts    at 

^Methyl  Uulfonebutyric  ester  melts  at  79!*     «-Ethyl- 

?^iophenylbotyric  ester,  CH,  C  (SCe  H5),  CH  (C.  H,)  CO,  C.  H^ . 
K^aadc  by  coacfensing  ethyl-acetoacetic  ester  and  phenyl  mercaptan, 
''Ml  t»fh^  at  7o'-7ir  From  this  by  the  above  method  was  prepared 
•^  uylsnlfonebutyric    ester.     CH3C(SO,C6H5),CH(C,H5) 

Mi^,  waich  mdls  at  tii! 
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ELION,  H.,  1890. 

Ber.  23,  3123-3124  ;  J.  Chem.  Soc.  60,  171. 

PrefMiratioii  and  Properties  of  Sodacetoacetic  and 
Sod-ethylacetoactic  Esters. 

Both  these  substances  when  anhydrous  are  soluble  in  ether  but  both 
form  hydrous  compounds  insoluble  in  ether.  The  anhydrous  com- 
pounds cannot  be  obtained  by  keeping  the  hydrous  compounds  over 
sulfuric  acid  as  has  been  stated  and  the  author  thinks  that  there  is  btit 
one  form  of  anhydrous  sodacetoacetic  ester  and  not  two,  one  of  whidi 
is  insoluble  in  ether  as  stated  by  Michael. 


PINNER,  A.,  1890. 

Ber.  33,  3820-3826 ;  J.  Chem.  Soc.  60,  468. 
Imido  Esters  and  their  Derivatives. 

Acetoacetic  ester  is  treated  with  imidobenzoic  ester  and  the  chief; 
product  is  found  to  be  phenylmethyl-hydroxypyrimidin, 

^N  :  C(OH)/ 

melting  at  216  The  imidobenzoic  ester  is  probably  first  converted: 
into  benzoic  ester  and  ammonia  thus:  C6H5C  (NH)OCaH5+HaO— 
C6H5C02CaH5+NH3 ;  the  ammonia  acts  on  some  imido-benzoie 
ester  forming  alcohol  and  benzamidin  which  last  product  unites  with 
the  acetoacetic  ester. 


JAPP.  FRANCIS   R.  AND   FELIX   KLINQEMANN,  1891. 

J.  Chem.  Soc.  59f  1-26. 

Phenanthroxylene-acetoacetic  Ester. 

This  compound,  prepared  from  acetoacetic  ester  and  phenanthra* 
quinone  and  given  the  formula, 

C6H4— CO 
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When  treated  with  formic  or  sulfuric  acid 
hich  tbe  formula, 


C6  H4—  C  :  C 


CoH,— C(OH)— CH, 

b  pr^sioQaUy  given,  and  which  is  called  isophenanthroxylene-aceto- 

icMirf^ter;    it  melts  at  177!     It  forms  a  monoacetyl  derivative,  C^o 

f,0)04.  which  melts  between  165°  and  170",  and  a  mono- 

.,  ...,.,uc,  Cj«  H,6  Oy  (N,  HCfe  H5 ).     No  pyrazolone  could  be  obtained 

hn  tlds.  and  pUcnaiithroxylene-acetoacetic  ester  does  not  react  with 

I  Ikeoylhjdnuin.     With  bromin  the  iso  compound  g^ave  do  H,^  Br  O4 , 

|Wbc«  reduced  the  bo  ccimf>oiind  jjave  CjoH^sOj,  which  is  also  pro- 

\6tttd  fruto    the    phcnsinthroxylene-acetoacetic    ester    by    means    of 

acid.     This  gave  a  pheiiylhydrazin    derivative,    C20  HioOj 

•  -*.w,,  Hj)*     When  treated  with  hydriodic  acid  the  iso  compound 

p»t  C-HuO  ,  which  is  the  comixjund  to  which  Japp  and  Streatfield  * 

p/»t  the  fbrmtila  Ct4H|oO.     It  is  probably  a  ketone  containing  the 

cvtnoyl  j^ttp  in  a  penta-carbcm  ring.     Treated  with  an  alkali  the  iso 

nvpoiind    gave    the    iso-phenanthroxylene-acetoacetic    acid,  C|gH,2 

0, .  which  is   motK^-basic.     The  action  of  acetic,  propionic,  sulfuric, 

Alecihatic  hydrochloric  adds  and  of  atcoliolic  potash  and  ammonia  on 

sbcstiithroxyleDe*aceloacetic  ester   was   determined  and  an   account 

pfmo(  the  expentrients.     The  subject  requires  more  study  before  the 

anpoaticKi  of  thene  bodies  can  be  definitely  settled.     The  formula 

ffOpQicd  for  the  iso  compound  explains  some  reactions  but  leaves 


ji^pe  39. 


I      ^hm  qolte  utiexptaiued. 

w     *' 


CLAISEN,  L.  AND  E.  HORI,  1891. 

Bef.  ^4,  139-140:  J.  Chem.  Soc.  60,  416. 

Action  of  Hydroxylamifi  on  Acetoacetic  Aldehyde. 

By  tits  action  a  ctnnpound  C?^  H,j  N^O^ ,  was  produced  which 
oyjUQin^  in  white  needles,  melting  at  174 !  It  is  sparingly  soluble  in 
<Atr,  boizeiie  and  chlorofonn*  Other  compounds  which  were  expected 
600  this  reaction  were  not  obtained. 
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EMERY,  W.  O.,  1891. 

Ber.  24»  282-286  ;  J.  Chetn.  Soc.  60,  547. 
Action  of  ^?-Bromopro{>ionic  Ester  on  Acetoacetic  Ester. 

B}'   the  action  of  /5-bromopropionic   ester   on   sodacetoacetic   ester, 

CH, 

CO 
«-acetvlglutaric  ester,  CH  — CH,— CH^COa  C^  H^ ,  was  produced.     It 

CO,  C,  Hs 
boils  at  162"  at  i  r  m,  m.  pressure  and  has  a  specific  gravity  of  1.071  at 
20!     It  reacts  with  ammonia  and  with  aniins.  yielding  amido-deri natives 
of  a-ethylidineglutaric  ester,  which  can  be  converted  into  lactams. 


HANT2SCH,  A..  1S91. 

Ber.  34>  495-506 ;  J.  Chem,  Soc.  60,  739, 
Action  of  Hydroxylamin  on  ^3-Ketonic  Acids  and  ^9-Diketones. 

By  the  action  of  hydroxylamin  on  acetoacetic  ester  in  alkaline  solu- 
tion and  subsequent  acidification  the  chief  product  is  methyl-isoxaxol- 

^N— O 
one,  CH,C  I     ,  which  melts  at  169*-!  70'  and  is  a  base  towards 

^     ^CH,  CO 

strong  acids.  In  alkaline  soltitions  it  is  partially  changed  into  oximido- 
butyric  acid,  CH,  C  :  (NOH )  CH^  CO,  H  .  By  the  action  of  hydroxyl- 
amin on  acetoacetic  ester  iu  neutral  or  acid  solution,  an  oil  is  obtained 
w^hich»  on  being  hydrolyzed,  gives  a  crystalline  substance,  C,o  Ha«  N4 
O7 ,  which  melts  at  140*  and  can  by  hydrolysis  be  changed  into  methyl- 
isoxazolone.  By  the  action  of  hydroxylamin  on  acetoacetic  ester  in 
ammoniacal  solution  an  unstable  product  was  obtained  which  may  be 

/  OH 
the  hydroxamic  acid  of  acetoacetic  acid,  CH^  CO  CH2  ^s\  voH' 
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COLLIE,  J.  NORMAN,  1891. 
J.  Chem.  Soc.  59»  172-179. 
AcUon  of  Heat  on  ^-Amidocrotonic  Ester. 

When  this  substance  is  distilled  a  small  amount  of  substance  is 
always  left  which  has  been  found  to  be  Cio  H13  NO3,  the  ethyl  ester  of 
an  acid,  Cs  H9  NO3,  which  is  dimethyl-pyridone-monocarboxylic  acid, 

NH 
/  \ 

CH3C      C-CH3 

II        II 
COa  HC      CH 

\     / 
C 

o 

The  ester,  C,o  H,3  NO3,  melts  at  163*- 164*  and  boils  with  slight  decom- 
position at  240*  to  250.*  It  does  not  form  a  compound  with  phenyl- 
hydrazin  or  hydroxylamin.  With  bromin  it  forms  Cio  Hi,  Br  NO3  ; 
with  PCI5  it  gives  Cio  H,a  NOa  CI,  which  can  be  changed  into  chloro- 
lutidin  boiling  at  177*  to  180!  The  acid  Cg  H9  NO3,  melts  at  257^-258" 
and  is  converted  into  a-a'-dimethyl-pyridone, 

NH 

/  \ 
CH3  C      CCH3     . 

I         I 
HC      CH 

\  / 
CO 

This  was  also  prepared  from  dehydracetic  acid.  Phosphorus  penta- 
chlorid  acts  on  a-a'-diraethyl-pyridone  to  form  chlorolutidin  boiling  at 
1 78'- 1 79!  a-a'-Dimethyl-pyridin  or  lutidin  was  obtained  in  four  ways, 
(i )  by  the  action  of  nascent  hydrogen  on  chloroludidin  ;  only  a  little 
could  be  formed  in  this  way  ;  (2)  from  vapors  of  chlorolutidin  and  zinc 
dust  in  an  atmosphere  of  hydrogen  ;  (3)  from  chlorolutidin  made  from 
dehydracetic  acid  ;  (4)  from  the  potassium  salt  of  lutidone-mono. 
carboxylic  acid  heated  with  an  excess  of  solid  potassium  hydroxid. 
By  oxidation  of  the  lutidin,  dipicolinic  acid,  C5  H3  N  (CO2  H)^,  was 
obtained. 


] 
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COLLIE.  J.  NORMAN.  1891. 

J.  Chem.  Soc.  59.  179-189. 

Constitution  of  Deliydraoetic  Add. 

The  author,  having  studied  this  acid  and  its  reactions,  detena 
that  Feist*  did  not  present  the  correct  formula  for  it  and  proposdj 
formula 

CH3  COCH,  C-O-C-O 

CHCO  •  CH, 
or  the  tautomeric  form  j 

CHj  C  (OH)  :  CHC-O— 


-c. 

I 


CHC  (OH)  :  CH  ; 

By  this  formula  he  thinks  that  all  of  its  reactions,  the  most  impod 

ones  of  which  he  illustrates,  can  best  be  explained.     He  considers  I 

CH-O-CO 
built  up  on  the  nucleus  of  a-oxypyrone,   1  1      .      Its  no 

^  CH— CO— CH, 

tion  from  acetic  acid  is  illustrated  thus : — 


OH    HiCH.CO 


OH    H  CH,CO 


CH3CO 

and  then  CHj  COCH,  C  :  CHCOCH,  CO 


OH    H 


CH,CO< 


O    H 


OH 


STEUDE.  M.,  1891. 

Ann.  Chem.  261,  22-47  ;  J.  Chem.  Soc.  6©,  742 

Thiazole  Derivatives  from  BromacetoaccCic  Ester. 

The  thiazole  derivatives  obtained  from  bromacetoocetic  ester 
thio-carbamid  and  thiacetamid  are  isomeric  with  those  obtaial 
chloracetoacetic  ester  be  used,  but  those  obtained  both  ways  CMJ 
converted  into  /<-amido-a-methyI-thiazole  or  a-/v-dimethyl-tluaaa| 
the  case  may  be.  This  proves  that  bromacetoacetic  ester  hal 
formula  CH,  Br  COCH,  CO,  R.     /i-Amido-thiazylacetic  ester. 

CH**^  J 

.CCH,CO,C,Hs 


S 

I 


C(NH,):N 


>Seepi«eii4. 
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I  from  hromaceloacetic  ester  and  thiocarbamid  melts  at  94  ,  the 
[bee  tcid  todls  at  130.'  Thiacetamidoacetic  ester.  CHa(SC  NHCH3) 
^COCH^CX),  C,  H3 .  is  formed  besides  /i-methylthiazylacetic  ester  from 
LIrancetoacetic  ester  and  thiacetamid  in  alcoholic  solution.     Methyl- 

riacctic  ester, 

S CH 

I  >  CCHa  CO,  R 

C(CH;):N 

lUii  «t  ijT  to  240:  r-Thiacetoacetoacetic  ester,  CH^,  (SCOCH^)  CO 
[CK,COjR,  results  when  thiacetamidacetoacetic  ester  hydrobromid  is 
^itnaeil  with  water.     It  boils  at  155*  at  15  m.  m.  pressure.     A  com- 

jpomd.  pmbokbly  of  the  formula  CO,  RCH,  C  ^J^^T  ^/  ^^^'  ^^'  *  ' 
'  m  ibo  described. 


FECHMANN,  H.  v.  AND  M.  DUNSCKMANN,  1891. 

Ann.  Chem.  a6it  162-166;  J,  Chem.  Soc,  60,  672. 

Decofnpo>sittoti  of  Acetone'-dicarboxylic  Ester. 

When  acclone^carboxyUc  ester.  CO,  C,  H5  CH,  COCH,  CO,  C^  H5 , 
iid&mged  to  the  potassium  salt  and  then  boiled  with  water,  acetoacetic 
If  b  pnxluced  which  is  identified  by  being  treated  with  phenylhy- 
Idriihi  aad  chaQgcd  into  methyl-phenylpyrazolone. 


JABQER,  J.,  iSgi. 

Aim.  Chem.  Jto»  365-372  ;  J.  Chem,  Soc.  6o»  1007. 

CondtnmUon  of  Ouanidin  with  ^Ketonic  Esters. 

Godtidxii  carbonate  and  acetoacetic  ester  condense  to  form  imtdo- 

nrtyl-iOTCfl,  CH  vcfcH^NH  >  ^  :  NH  ,  which  melts  with  decom- 

pfiwtka  at  270      The  hydrochlorid,  nitrate  and  sulfate  were  described. 

Miioaiotiydroxyimjdomethyl.urac>-1,  NH  <qqq^I^^>  CCH3OH  . 

ii  fcroEted  logetfacr  with  bromiraidoraetliyluracyl  C5H6BrN30,  when 
inidoiiitlhyKQracyl  is  heated  with  bromin  ;  it  melts  at  160!     When 
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imidomethyluracyl  is  heated  with  an  excess  of  methyl  iodid  a  com-: 
pound.  (C5  H6  N3O  CHj),  HI ,  is  obtained,  which  melts  at  212*  and  cu^ 
be  converted  into  methyl-imidomethyl-uracyl.  C5  He  N3  OCH3 ,  whkh' 
melts  at  312!  Imidodimethyluracyl  formed  from  guanidin  carboiiata| 
and  methyl-acetoacetic  ester  melts  at  320*,  and  imido-phenyl-tinc]d| 
formed  from  guanidin  carbonate  and  benzoylacetic  ester  mdts  at  294!"^ 


BREDT,  J.,  1891. 

Ber.  a4f  603-605;  J.  Chem.  Soc.  60,  712. 

Action  of  Sodacetoacetic  Estej-  on  Benzalmalonic  Ester. 

By  this  reaction  in  alcoholic  solution  at  o  a  crystalline  sodium 
compound  is  formed  which  when  decomposed  by  an  acid  g^ves  t 
compound  C18  H20  06 ,  which  is  sparingly  soluble  in  water  and  mdts 
with  decomposition  at  155! 


OTTO,  R.  AND  A.  R0SSINQ,  1891. 

Ber.  24,  685-687;  J.  Chem.  Soc.  60,  712. 

Action  of  Sodium  Phenylmercaptid  on  Chloracetoacetic  Ester. 

When  equivalent  quantities  of  these  substances  are  made  to  react  in 
alcoholic  solutions,  an  oil  is  obtained,  which  will  not  crystallize  and 
has  but  a  feeble  odor.  It  appears  to  be  thiophenylacetoacetic  ester, 
CH3  COCH  (SC6  H5  )  CO,  C,  H5  . 


BIQINELLI,  P.,  1891. 

Ber.  24,  1317-1319;  J.  Chem.  Soc.  60,  908. 
Aldehydeuramids  of  Acetoacetic  Ester.    Part  i. 

Molecular  proportions  of  acetoacetic  ester,  benzaldehyde  and  carb- 
amid  are  allowed  to  react  and  a  crystalline  compound  melting  at  207  - 
208   is  obtained.     It  is  either 

CH3  CH3 

C  :  N    CO— N  :  CHCeHj  or  C— NH  •  CO    N  iCHCeHj 

CH,  CH 

COaCHj  COaCHj 


J 
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bat  probably  is  the  latter.  The  same  substance  can  be  formed  from 
oimidocrotonic  ester  and  benzaldehyde.  It  is  very  stable  as  it  is  not 
iftcted  by  strong  adds  or  alkalis  in  the  cold.  Heating  it  with 
potasRom  hydroxid  gives  benzyl  alcohol,  benzaldehyde,  ammonia  and 
potaasinm  carbonate,  beades  an  unknown  solid  substance.  Salicylal- 
ddiyde,  dnnamaldehyde,  iurfuraldehyde,  cumaldehyde  and  others 
react  similariy. 


BEYER,  C,  1891. 

Ber  a4f  1662-1670;  J.  Chem.  Soc.  60,  1090. 
Hantzsch's  Pyridin  Synthesis, 

Tbe  author  believes  that  in  these  reactions  acetoacetic  ester  and 
lUthyde  first  react  to  form  ethylidin-acetoacetic  ester, 

CH3 
CH, 

COaRC 

CH3CO 

u>d  that  this  then  unites  with  acetoacetic  ester  to  form  ethylidin- 

diacetoocetic  ester, 

CHj 

I 
CH 

/    \ 
COa  RC     CHCOa  R 
HI       I 
CH3COOCCH3 

*liich  unites  with  ammonia  to  form  dihydrocoUidin-dicarboxylic  ester, 

CH, 

I 
CH 

/\ 
CO,R.C    CCO,R. 

I     I 
CHjC    C-CHj 

\/ 
N 

I 
H 
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Ethylidinacetoacetic  ester  and  paramido-acetcwcetic  iester  were  mixed  z 
in  molecular  proportions  and  united  to  form  dih3rdrocollidin-dicarbozy-^ 
lie  ester.  Several  other  experiments  were  performed  and  severaUi 
pyridin  derivatives  made  and  described.  They  all  agreed  with  theses 
reactions.  ^ 


FREER,  P.  Cm  1891. 

Am.  Chem.  J.  I3f  308-322;  J.  Chem.  Soc.  60,  1181. 

Constitution  of  Aliphatic  Ketones  and  tiie  Action  of  Sodium  ofl 

Acetone. 

The  constitution  of  acetoacetic  ester  is  discussed  at  length  and 
mention  is  made  of  the  work  done  by  different  chemists  upon  it 
Acetic  ester  dried  over  calcium  chlorid  and  by  being  boiled  over 
phosphorus  pentoxid  is  found  to  react  with  sodium  readily  which 
inclines  the  author  to  believe  in  the  intermediate  sodacetic  ester.  A 
comparison  of  the  properties  and  reactions  of  tetric  acid  and  acetoacetic 
ester  seems  to  show  that  the  former  contains  a  hydroxyl  group  and  the 
latter  does  not.  In  the  sodium  derivative  the  author  believes  the  sodium 
is  joined  to  the  oxygen,  therefore  that  its  constitution  is  different  bom 
that  of  acetoacetic  ester  itself.  This  is  shown  by  the  fact  that  sodaceto* 
acetic  ester  will  form  addition  products  with  unsaturated  compoondi 
like  cinnamic  ester  while  the  acetoacetic  ester  itself  will  not. 


FREER,  PAUL  C.  AND  GEO.  O.  HIQLEY*  1891. 

Am.  Chem.  J.   I3f  322-326;  J.  Chem.  Soc.  60,  1182. 

Action  of  Chlorcarbonic  Ester  on  Acetone  Sodium. 

By  this  action  a  colorless  oil  boiling  at  about  125*  was  obtained  wliidi 
appears  to  be  an  isomer  of  acetoacetic  ester.  It  is  insoluble  in  water, 
miscible  with  alcohol  and  ether  and  does  not  react  with  phenyl  hydiazia 
or  ferric  chlorid.  On  boiling  with  hydro  chloric  acid  it  is  decomposed 
into  carbon  dioxid,  alcohol  and  acetone.     The  authors  suggest  for  it 

the  formula  ^' ^C-O-COa  C,  H, . 
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Bcf.  a4,  20^5-2059:  J.  Chem.  Soc.  60,  1187. 
Tetric  and  Oxyletric  Acids  and  their  Homolagues. 

EspCTicneate  were  performed  attempting  to  determine  whether  tetric 

I  lotf  lad  iu  hcmiologues  contain  the  carboxylic  group  but  no  definite 

were  reached.     Oxytetric  add  and  its  horaologues  were 

I  to  be  alkyl  substituted  fumaric  acids,  thus  oxytetric  is  mesaconic 

riiMfhjl  fumaric,  oxypentic  is  ethyl  fumaric.  etc.     The  acids  described 

i  V  DcBftrcay  as  hydroxy  tetric,  etc..  are  identical  with  alkyl  succinic 

«id»,  hydroxytetric  is  methyl  succinic  and   hydroxypentic  is  ethyl 

name,  etc.     The  acids  are  all  obtained  from  the  bromated  alkyl  aceto- 


SPRAQUB,  CHARLE5  T^  i8qi. 

J,  Chem.  Soc.  S9.  329-343- 
Thiacetaacetic  Ester* 

This  salMiuioe  was  produced  and  alter  carefully  determinmg  the 
Wismft  pol**^  it  was  found  to  be  between  75'  and  78^'  By  the  action  of 
flcoylhydrazin  four  bodies  were  produced; — (i)  thiophenyl-methyl- 
RfUDloue;  (2)  Knorr's  phenylmethylpyrazolone-azobenzene  ;  (3)  a 
HiMaoce,  Ci»  Hy*  NjSO;  (4)  Knorr's  bisphenyl-methyl-pyrazolone* 
T)f  int  one  is 


NCeHj  NC6H5 

y^  /    \ 

N     CO  OC        N 

II                  II 
CHj  C-CH-S-HC CCH3 


^^^^^^■^k^^K,  dissolves  in  alkalis  and  weak  acids  reprecipitate  it, 
PHHHHHa  witli  pbeoyihydraziu  the  other  three  above  mentioned 
QNopotiiicis  are  produced.  To  the  third  product  the  author  gave  the 
tmiUa  Cf  H«^  N,  SO,  but  states  that  Holtzcka  has  since  proven  it  to 
j^kfattolpbid  of  phcnylraethyl  pyrazolone  (Cio  H^  N,  O),  S,.  A  method 
^^ts  pvtu  fix  preparing  a  good  yield  of  each  one  of  the  four  products. 

Dt.  Ct9  H^  Na  SO  is  pfob&bly  correct 
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COLLIE,   J.    NORMAN.    1891* 

J.  Chem.  Soc.  S9*  617-621. 

Some  Reactions  0I  Dehydracetic  Acid. 

In  the  preparatioQ  of  dehydracetic  acid  by  passing  aceloacetic  ester 
through  a  red-hot  iron  tube,  there  were  formed »  besides  the  dehydra- 
cetic acid»  acetone,  alcohol,  carbon  dioxid,  ethylene  and  a  residue. 
Acetoacetic  methyl  ester  similarly  treated  gave  large  quantities  of 
dehydracetic  acid,  but  ethylacetoacetic  ester  gave  none  at  all,  De- 
hydracetic acid  is  slightly  decomposed  by  water  into  carbon  dioxid  and 
dimethylpyrone.  When  boiled  with  hydrochloric  acid  it  is  totally 
decomposed  into  carl>on  dioxid  and  a  compound ^  C7Hi,03Cl,  which 
melts  at  83  -85  and  is  acid  in  water  solution.  Barium  and  copper 
salts  of  dehydracetic  acid  were  prepared »  the  former  corresponded  most 
nearly  with  (C8H9  05),Ba  and  was  considered  to  be  the  salt  of 
tetracetic  acid,  CH3  COCH,  COCH;iCOCH^COjH;  and  the  latter 
corresponded  to  C^^  H35  O9  N^  Cu,  being  formed  by  ammonia  and  copper 
acetate.     Hydrocyanic  acid  has  no  action  on  dehydracetic  acid. 


BtOINELLi,  P.,  1891. 

Ber,  34*  2962-2967;  J.  Chem.  Soc.  to,  56* 
Aldehydeyramids  of  Acetoacetic  Ester.     Part  II. 

In  the  continuation  of  the  subject  it  is  found  that  two  isomers,  cor* 
responding  to  the  two  formulae  given  in  the  first  article  on  this  subject,* 
are  always  produced.     The  compounds 

C,4  H,6  N,  O4  :-C  ;  N.  CO.  N.  CH  C*  H^  OH 


CH3 


CH, 
CO,  C,  Hs 


and  C-NH-CO— N— CH— C6H4OH 

II 
CH 

formed  from  carbamid,  salicylaldehyde  and  acetoacetic  ester,  and  the 
similar  compounds,  C17H,,  N1O3,  formed  from  cumaldehyde.  C6H4 
(Cj  Hj)  COH,  carbamid  and  acetoacetic  ester ;  C16  H,s  NjOj ,  obtained 
by  using  cinnamaldehyde,  and  Ci,H,4N,  O4,  obtained  by  using 
furfural  debyde,  are  produced  and  described. 

•Seepage  13a 
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CONRAD,  M.  AND  L.  LIMPACH*  1891. 

Ber    34,  2990 2992 »  J*  Chem,    Soc,   63,   78. 

(Jlfvtfeiils  ol  Qulnolln  Derivatives  by  mefins  of  Alkyl  Acetoacetic 

Esters. 

Mdfcyt-acetoacctic  methyl  ester  and  anilin.  when  mixed  and  allowed 
U^baA.  form  phenyl*araido  methyl  crotonic  methyl  ester*     By  quickly 
this,   it  is   changed    into   dimethyl-hydroxyquiuoliu,  C^  NH^ 
I|)iOH .  [(CH3I, :  OH  «  2';  3':  4'].     Methyl-ethyl  hydroxy-quin- 
is  prodnccd  similarly  from  phenyl-amido-ethyl-crotonic  methyl 


NEF.  J.  v.,  1891. 

Ann    rh*-tti   36<>.  52-138;  J.  Chem,  Soc,  to»  140. 

Acetoacetic  Ester, 

A  Urge  number  of  experiments  are  performed  relative  to  determining 
tStt  CQfutituiion  of  acetoacetic  ester  and  the  position  of  the  sodium  in 
dltiodiiisi  derivative^  and  the  conclusions  drawn  are  that  acetoacetic 
cte  11  not  a  ketone  but  is  represented  by  CH3  COH  :  CHCO^  C,  Hj 
tod  that  in  the  sodium  derivative  the  sodium  is  joined  to  oxygen.  If 
bjf  heitiog  the  nodacetoacctic  ester  with  an  alkyl  halogen  the  alkyl  is 
aMlotcd  fur  the  sodium,  the  reaction  should  \*e  more  energetic  if  the 
hmer  metaU.  »tich  as  copper  or  lead,  lie  in  the  acetoacetic  ester  in 
fboeof  iodiiim.  but  solutions  of  the  copper  or  lead  derivatives  of  aceto- 
vcfk  ester  do  not  react  with  ethyl  iodid  at  ordinary  temperatures — 
•hUi  pcove^  that  no  direct  suljstitution  of  the  metal  takes  place.  The 
Qtkor  sopfMiSi^  an  Intermediate  addition  product  to  be  formed  with 

aJkyl   iodid.  for   example,    with   benzylchlorid.  CH^CONaClCH 

iiC«H5)C02R   is  first   formed  and  then    HCl   splits  off  leaving 

>Na  :  C    ' ' ' '   ^  "  ■     CO,R  and  by  continued  action  CHjCONaClC 

kH^)i<-    -  nCH^COC  (.CH,C6H5),C03  Rare  formed. 

'(VDof  of  the  exLsteiice  of  hydroxyl  in  acetoacetic  ester  its  add 
and  its   *  >r   towards   phenyl  hydrazin*  ammonia  and 

f  are   mtJ  1,    also   the   fact  that   acetoacetic   ester   and 

Hi  oKKio-alkyl  dcrtvaltves  are  not  reduced  by  treatment  with  sodium 
la  ethereal  ^oluticm   while  the   diethyl  derivative  is  converted   into 


1)6 
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diethyl-hydroxybutyric  ester.  The  substitution  of  the  ahydrogen 
atom  affects  the  compound  according  to  the  character  of  the 
substituted  group,  making  it  more  alcoholic  or  more  acidic  as  that 
group  is  more  or  less  positive  thao  hydrogen.  By  the  action  of  phenyl- 
hydrazin  on  acetoacetic  ester  phenyl-^?- hydrazo-crotonic  ester,  CH3  C 
(Nj  H,  Ce  HO  :  CHCO^  R,  melting  at  50  is  formed  and  by  heating  this 
with  mercuric  oxid  phenyl-^-azocrotonic  ester,  CH3C  (N2C6H5): 
CHCO2R,  melting  at  51'  is  obtained.  The  product  obtained  by  the 
action  of  bromin  on  acetoacetic  is  a  mixture  of  the  a  and  the  j  brom- 
derivatives,  a-Brom-methyl-acetoacetic  ester,  CyHn  BrO^,  boiling  at 
107**  at  30  ro.m.  pressure,  is  obtained  by  treating  sodmethyl-acetoacetic 
ester  or  methyl-acetoacetic  ester  with  bromin.  When  this  is  heated 
in  a  sealed  tube  tetric  acid  is  formed  for  which  the  author  gives  the 
formula 

CH,  :  C  (OH)  CCH3<2^g>  CCH^C  (OH)  :  CH, 

6E-Bromethylacetoacetic  ester.  CgHi^BrO^,  is  prepared  similarly  and  is 
described.  Dibenzoyl-acetoacetic  ester,  CjoHjgOs,  and  triacetylacetic 
ester,  CH^  CO  C  (CH^  CO),  CO^  R,  and  acetylcarbintricarboxylic  ester. 
CH3COC  (C02R)2C02R,  are  also  described.  A  large  number  of 
pyrazolone  derivatives  are  prepared  and  studied,  and  the  author  decides 
that  their  acid  properties  are  due  to  the  presence  of  an  imido  group. 
The  formula  for  phenylmethyl-pyrazolone  he  gives  as 

C  (CHO-NH  ) 

II  V 


CH  — CO- 


NCeH. 


PECHMANN,  H.  v.,  1891. 

Ber.  24,  3600;  J.  Chem.  Soc.  6a»  296. 
Preparation  of  Dehydracetic  Acid. 

By  treating  acetondicarboxylic  acid  with  acetic  anhydrid,  a  substance 
either  isomeric  or  identical  with  the  carboxylic  acid  of  dehydracetic 
acid  is  produced.  This  may  be  easily  changed  into  dehydracetic  add 
by  dissolving  in  soda,  evaporating  to  dryness  and  precipitating  the 
aqueous  solutitm  with  acetic  acid. 
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Pheiivllivdrazin  derivative  of  diacelvl, 

9:s.  '  ' 

Phenylhydraziii-pyronicemic  acid,  93. 
riicnyl- <-liydraz(>-crotonic  ester,    136. 
riunyl-isocyaiiate,  <S.S. 
Pheiiyl-hilidoiie,  SS. 
I'henyl-lutidoiie  carboxylic  methyl 

o'slt-r,  SS. 
I'heiiyl-nicrcaplan,  8<>,    123. 
r]uMiyl-niercaj>tid  of  sodium,  130. 
I'lienyl-intthyl-ellioxy-pyrimidin,  72. 
rhcnyl methyl- furfiirane,  63. 
riiMivl-incthvl-hvdroxv-pvrimidin, 

6's.  72.  124. 
rhenyl-iiRlhyl-nitroso-pyrazolone, 

III.  I  i  2. 
rheuyl-inethyl-oxyquiniziii.  76. 
rhenyl-methyl-pyrazolone,  S6,  91,  136. 
llu-nyl-melhyl-pyrazolone  azoben- 

zinc,  112.  1 16,  117,  133. 


Phenyl  -  methyl  -  pyrazolone  bisulfid, 
133. 

Phenyl-methyl-pyrazolone-ketophen- 
yl-hydrazone,  112,  116. 

Phenyl-methyl-pyrimidin,  72. 

Phenyl-methyl-pyrimidin-anilid,  72. 

Pheny-trimethyl-pyrazolone,  86. 

Phloroglucin,  75,  91. 

Phthalic  auhydrid,  88. 

Phthalyl-acetic  acid,  83. 

Phthalyl-acetoacetic  ester,  83. 

Phthalyl-diamid,  83. 

Phlhalyl-imid,  83. 

Picric  chlorid,  12  r. 

Pimelic  acid,  50. 

Piperidins,  loi. 

Polycoiimarins,  91. 

Potassium  butyl  nitrite,  42. 

Potassium  ethyl  nitrite,  41. 

Potassium  on  acetic  ester,  i. 

Potassium  propyl  nitrite,  41. 

Propaldehyde,  73. 

Production  of  acetoacetic  ester,  i,  2. 

Propionamidin,  72. 

Propyl -acetoacetic  ester,  31,  41. 

Propyl-chlor-crotonic  ester,  16. 

Propyl-lutidin,  loi. 

Propyl-lutidin-dicarboxylic  ester,  lor. 

Propyl-lutidin-hydro-dicarboxylic   es- 
ter,  10 1. 

Psendo  -  cum  vlizin  -  acetoacetic  ester, 

67- 
Pyrazol  blue,  86. 
Pyrazolone  derivatives,  136. 
Pyridin  derivatives,  69,  131. 
Pyridins,  101. 
Pyrimidins,  6S,  72. 
Pvrogallol,  ^6, 
Pyron,  S6. 

Pyrotartaric  acid,  13,  20,  21. 
Pyrotritartaric    acicl,    23.    63,   74,    103, 

107. 
Pyrrol  derivatives,  S3. 
Pyruvic  acid,  107. 

(Juartenylic  acid,  6. 
Ouinizin,  61. 
Oiiinizin  derivatives,  76. 
(juinolin  derivatives.  4S.  90,  135. 
yuinone,  102. 

()uinon-hvdro-dicarl)()x\lic    ester,    41, 
AS. 

Resacetic  acid.  7S. 
Resacel()-])hen()n.    17. 
Kesocyanin.  36. 
Kesorcin.  36.  47,  91. 
Khanuiodiazin,  103,  113. 
Rhaninosaniin.  1 13. 
Rlianinose,  103.  1 13. 
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Salicylaldehyde,  131,  134. 
Sod-acetoacetic  ester  hydrate,  56,  124. 
Sod-ethyl-acetoacetic  ester,  1 24. 
Sodium-diacetyl-acetic  ester,  56. 
Sodium  on  acetic  ester,   i,  4,  5,  6,  8, 

10,  loi,  132. 
Sodium  on  alcohol,  5. 
Sod-methyl-acetoacetic  ester,   92,  94, 

136. 
Succinic  acid,  45,  70,  74,  107. 
Succinic  ester,  40. 
Succino-succinic  ester,  40,  97. 
Sugar,  92. 

Sumd  of  acetoacetic  ester,  70. 
Sulfo-ureas,  88. 
Sulfur  dichlorid,  91. 
Sylvane-carboxyacetic  acid,  100. 

Tautomeric  compounds,  119. 
Tetracetic  acid,  134. 
Tetra-chlor-acetoacetic  ester,   37,   95, 

97. 
Tetracrylic  acid,  6. 
Tetra-methyl-oxyquinizin,  67. 
Tetrenic  acid,  16. 
Tetric  acid,  16,  27,  132,  133,  136. 
Tetrolic  acid,  6. 
Thiacetamid,  120,  128. 
Thiacet-amido-acetic  ester,  128. 
Thiacet-amido-acetoacetic  ester  hydro- 
bromid,  128. 
} -Thiaceto-acetoacetic  ester,  128. 
Thio-acetoacetic  ester,  in,   112,   116, 

ny.  133- 
Thio-acetoacetic  phenylhydrazid,  116. 
Thio-amids,  88. 
Thio-carbacetic  acid,  14. 
Thio-carbamid,  78,  81,  109,  120,  128. 
Thio-carbonyl-acetoacetic  ester,  94. 
Thio-carbonyl  chlorid,  94. 
Thio-cyanates,  109. 
Thio-glycollic  acid,  94. 
Thiomethyl  uracyl,  81. 
Thio-methyl  uracyl -acetic  acid,  81. 
Thio-phenyl-acetoacetic  ester,  130. 
/?-Thio-phenyl-crotonic  acid,  81. 
Thio-phenyl-methyl-pyrazolone,    117, 

133. 
Thiophenyl-propylcne,  81. 
Thio  rufic  acid,  14. 
/-Tohiene-acetoacetic  ester,  60. 


/-Toluene-azo-acetoacetic  ester,  iK 
/-Toluene-azo-acetone,  60.  "^ 

w-Toluene-/'?-methyl-coumarin,  4g 
o-Toluoxy-methyl-quinizin,  58.    " 
/-Toluoxy-methyl-quinizin,  58. 
'>-Toluylene-diamin,  25,  85. 
/-Tolyl-hydrazin,  112. 

Triacetyl-acetic  ester,  136. 

Triacetyl-benzene,  98. 

Triacetyl-hydrogen,  5. 

Triacetyl-sodium,  5. 
o-Tribenzoyl-benzene,  30. 

Tribrom-acetoacetic  ester,  45. 

Tricarballylic  acid,  15,  17. 

Trichlor-acetoacetic  ester,  95,  fj^ 

Tridecyl-lutidin,  no. 

Tridecy  1  -  lutidin  -  dicarboxylic 
no. 

Tri -ethyl -phosphite,  in. 

Trimethylen  bromid,   41,   44,  J 
106,  113. 

Trimethyl-pyridin-dicarboxylic 
69. 

Trimethyl-pyridon-dicarboxylie 
75. 

Trimethyl-ouinizin  derivatively 

Trimethyl-tniazole,  120. 

Trimethyl-tri-coumaric  acid,  91* 

Trimethyl-tricoumarin,  91. 

Trimethyl-uracyl,  66. 

Trinitro-phenyl-acetoacetic  esta 

Trinitro-phenyl-acetone,  121. 

Triphenyl-carbinyl-acetoacetic 
64. 

Triphenyl-carbinyl  bromid,  64« 

Triphenyl-  carbinyl  ethyl  ester, 

Tri  phenyl -methane,  65. 


Uramido-crotonic  amid,  97. 

Uramido-crotonic  ester,  66, 

Urea,  66. 

Ureas,  88. 

Ureids,  88. 

Urethane,  96. 

Urine,  24,  30,  31,  35,  48,  71. 

Uvic  acid,  23,  107. 

Uvitic  acid,  107. 

Valeraldehyde,  74, 
Valeric  acid,  28. 
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DfDEXES  TO   THE  LITERATURES   OF  CERIUM 
AND   LANTHANUM. 


By  W.  H.  MAGEE,  Ph.  D, 


INTRODUCTION. 

tu  tdhming  indexes  to  the  literatures  of  cerium  and  lanthanum 
wn  prepared  during  the  course  of  some  work  on  the  former  element. 
Tbey  in:  not  offered  as  being  absolutely  correct,  but  all  the  more  im- 
pomiit  articles  bearing  upon  the  elements  are  certainly  indexed,  and 
wttfljr  ibe  original  article  heads  the  list.  In  some  few  cases»  how- 
»»t*i  il  was  difficult  to  determine  the  original.  Whenever  the  journal 
W  to  he  found  on  the  library  shelves  the  references  were  verified. 
Woiinjlc  libnuy,  however,  contains  all  the  journals  to  which  references 
wllbefimiid. 

Tkt  the  iodezing  of  chemical  literature  is  of  great  and  growing  im- 
portujcc  Is  rv'idcnt ;  that  the  work  should  be  as  nearly  perfect  as 
poiAle  is  equally  true.  Yet  few  except  those  who  have  attempted 
tbetuk  realize  the  difticuhy  and  labor  involved.  I  would  ask,  there- 
(M^asregmrds  these  indexes,  that  any  one  using  them,  and  all  chem- 
■to  ttiterested  in  the  study  of  cerium  and  lanthanum,  should  send  cor- 
><8iQns3Uid  addenda  to  W.  H,  Magee,  care  of  Professor  L  M.  Dennis, 
Coniell  Uaiverstty,  Ithaca,  N.  Y.,  so  that  after  a  few  years  perfectly 
OORta  indexes  may  be  prepared. 

Tlte  lodejces  arc  arranged  on  the  same  plan  as  that  of  the  Index  to 
DflmiuflB,  poblished  by  Dr.  H-  Carrington  Bolton  in  1870,  and  followed 
bf  Kfcral  other  diemtsts.  The  abbreviations  used  are  in  the  main 
t^  0i  tbc  standard  list  printed  in  Bolton's  Bibliography  of  Chem- 

Cofjrgu.  Uimmumr. 

N.  Y,  liilv  11.  iScM. 


INDEX  TO  LITERATURE  OF  CERIUM. 


Date. 

Aothor. 

Remarks. 

References. 

I7S» 

Cronstedt  .  .  . 

Discovery  of 

Sv.  Vet.  Akad.  Handl.,   1751, 

the  mineral 

227. 

cerite. 

Ab.    der    Schwed.    Akad.    der 

Wiss.,  175 1,  235. 
Cronstedt  Min.,  1858,  183. 

1784 

Bergmann 

Analysis  of 

Sv.  Vet.   Akad.   Handl.,  1784, 

and 

cerite 

121. 

D'Elhuyar. 

(not  correct). 

1804 

BSRZKLIUS 

Discovery  of 

Afhandl.  i.  Fys.,  Kemi  och  Min., 

and 

ceria  in 

1,58. 

HiSINGSR. 

cerite. 

A.  Gehl,  2,397. 

Ann.  chim.  phys.,  50,  245. 

Phil.  Mag.,  1805,  20,  155. 

1804 

Klaproth    .  .  . 

Discovery  of 

Memoirs  de  TAcad.  de  Berlin, 

ceria  as 

1804,  155. 

"Ochroit- 

A.  Gehl,  2,  303. 

erde"in 

Beitr.,  4,  140. 

cerite. 

Ann.  chim.  phys.,  49,  255. 

Phil.  Ma§.,  19,  95- 

Karst  Mm.  Tab.,  1808,  74. 

1804 

Vauquelin  .  .  . 

Review  of 

Ann.  chim.  phys.,  50,  140. 

Klaproth's 

A.  Gehl,  5,  189. 

work. 

Ann.  de  mus.   d'hist.  nat,   5, 

1805 

•  •  • 

Note  on  disc, 
of  Berzelius 

412. 
Phil.  Mag.,  22,  174. 

j 

and  Klaproth. 

1805  1  Vauquelin  .  .  . 

Analysis  of 

Ann.  chim.  phys.,  54,  28. 

cerite  and 

Phil.  Mag.,  22,  193. 

synthesis  of 

cerium  salts. 

1808 

T.  Allen  .... 

Supposition 

that  allanite 

was  gado- 

linite. 

Edin.  Roy.  Soc.  Proc,  6,  345. 

I8I0 

Thomson  .... 

Analysis  of 

Edin.  Roy.  Soc.  Proc,  6,  384. 

allanite. 

Schw.  J.,  13,  108. 

Ann.  Phil.,  2,  147. 

Jour,  des  Mines,  29,  159;  30, 

281. 
Ann.  der  Phys.,  Gilb.,  44,  123. 

I8IO 

HiSINGER  .... 

Analysis  of 

Afhandl.  i.  Fys.,  Kemi  och  Min., 

cerite. 

3,  283. 
Kongl.  Vet.  Acad.  Handl.,  181 1. 

I8I4 

Berzelius 

Discovery  of 

Afhandl.  i.  Fys.,  Kemi  och  Min., 

and  Gahn. 

ceria  in  the 

4,  217. 

supposed 

Schw.  J.,  16,  241. 

yttria. 

Ann.  chim.  phys.  [i],  2,  431. 
Ann.  des  Mines  [i],  2,  96. 
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Date. 


Author. 


Remarks. 


References. 


1814 

1815 
1815 


1818 

1819 

1823 
1823 


1824 
1824 

1825 

1825 

1825 

1825 
1826 
1826 

1826 
1826 


Laugier  . 

HiSINGER  . 
HiSINGER  . 

Berzelius 

HiSINGER   . 


Levy.  .  .  . 
Berzelius. 


Levy 

Gay  Lussac 

Haidinger  . 

Berzelius.  . 

Berzelius.  . 

Berzelius. 
Lynchell  . 
Berzelius. 

Heeren.  . 
Wohler.  . 


Separation 

and  reduction 

of  ceria. 

Analysis  of 

allaniie. 
Atomic  mass. 


On  fluss- 
spatssyradt. 
Analysis  of 

cerite. 

On  monazite. 

Compounds 

with 

fluorine. 


On  buckland- 

ite. 

Memoir  of 

Laugier's 

work. 

On  allanite. 


Sulphide. 


On  arsenico- 
sulpho  salts. 


On  sulpho- 
molybdo  salts. 
Cerium  in 
serpentine. 
Analysis  of 
a  cerium 
mineral. 
Cerium  hypo- 
sulphite. 
Cerium  in 
pyrochlore. 


Ann.  chim.  phys.,  89,  306. 

schw.  J.,  19, 54.  ; 

Afhandl.  i.  Fys.,  Kemi  och  MiiL, 

4,  327- 
Afhandl.  i.  Fys.,  Kemi  och  Min^ 

4,378. 
Ann.  Phil.,  Nov.,  1814. 
Ann.  chim.  phys.,  94,  108. 
Schw.  J.,  17,  424. 
Afhandl.  i.  Fys.,  Kemi  och  Min^ 

6,  64. 
Ann.  chim.  phys.  [i],  10,  27. 
Ann.  des  Mines  [i],  5,  227. 
Ann.  Phil.,  5,  241. 
Sv.  Vet.  Akad.   Handl.,    1823, 

284. 
Ann.  der  Phys.,  Pogg.,  i,  28. 
Compt.  Rend.,  1825. 
Ann.  des  Mines  [i],  12,  30a. 
Ann.  Phil.,  7,  134. 

Ann.  chim.  phys.  [i],  27,  3x4. 
Berz.  Jsb.,  5,  204. 

Edin.  Roy.  Soc.  Proc.,  zo,  271. 
Ann.  des  Phys.,  Pogg.,  5,  157. 
Min.  Mohs.,  3,  68. 
Sv.  Vet.  Akad.  Handl.,  1825, 11. 
Treatise    on    Chemistry,    Ger. 

ed.  V. 
Ann.  des  Phys.,  Pogg.,  6,  456. 
Trans,    de    I'Acad.    Roy.     de 

Stockh.,  1825. 
Ann.   der  Phys.,   Pogg.,   7,  28 

and  145. 
Ann.  chim.  phys.  [2],  2,  60. 
Ann.  der  Phys.,  Pom.,  7,  274. 
Ann.  chim.  phys.  CA  2,  407. 
Sv.  Vet  Akad.  Handl.,  1826,  iSi. 

Ann.  chim.  phys.  [2],  z,  400. 


Ann.  der.  Phys.,  Pogg.,  7,  xSo. 

Ann.  der.  Phys.,  Pogg.,  7,  427. 
Leonhard's  Ztschr.  fiir  Min^  X9 
246. 
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Date. 
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References. 


1826 
1826 


1828 

1829 

1829 
1830 

183 1 
1832 

1832 

1833 

1834 

1834 

1834 

1835 

1835 

1837 
1837 

1837 


1837 


Berzelius. 
mosander 


Marx 


bonsdorfp 

Breithauft 
Berthemot 


Dumas    .  . 

MoSANDER 

Beudant  . 

GOBEL .    .    . 


Demar^ay 
Berlin   .  . 
Stromeyer 
Persoz   .  . 
Holger  .  . 


Rose.  .  . 
Shepard 


Otto 


Heller 


Salts  of 

cerium,  and 

atomic  mass. 

Reduction  of 

ceria,  etc. 


Crystal 
form  of  sul- 
phate. 
Cerium-mer- 
cury-chloride. 
On  monazite, 
Preparation  of 
bromide. 


Color  of 
cerous  salts. 
On  fluocerite. 

Formate,  re- 
duction, car- 
bide, etc. 
Separation  of 
Fe  by  BaCOa. 


On  allanite. 

Removal  of 
iron  by  CuO. 
Meteoric  ce- 
rium. 


On  edwards- 
ite  (mona- 
zite). 
Preparation 
of  sulphate. 


Organic  salts 

and 

solubility  in 

alcohol. 


Ann.  der  Phys.,  Pogg.,  8,  186, 
280,  and  418. 

Sv.  Vet.  Akad.  Handl.,  1826, 299. 

Kast.  Arch.,  10,  470. 

Ann.  der  Phys.,  Pogg.,  6,  470; 

II,  406. 
Berz.  Lehrb.,- 1826,  2,  416. 
Berz.  Jsb.,  1826,  7,  144. 
Phil.  Mag.  [2],  I,  71. 
Ann.  des  Mines  [2],  5,  143. 
Schw.  J.,  52,  481. 
Berz.  Jsb.,  1830,  9,  179. 

Ann.  der  Phys.,  Pogg.,  17,  247. 

Schw.  J.,  55,  301. 

Ann.  chim.  phys.  [2],  44,  393. 

Traits  de  chimie,  3,  299. 
Forhandl.  vid   de   Skand.   nat. 

forsk.,  387. 
Trait^  ^^mentaire  de  min.,  2, 

Schw.  J.,  67,  78. 

Berz.  Jsb.,  1835,  ^5»  i3i- 

Ann.  Chem.,  Liebig,  11,  245. 

Diss,  at  Upsala. 

Berz.  Jsb.,  1838,  17,  221. 

Gotting.  Anzeig.,  1834,  No.  75. 

Ann.  der  Phys.,  Pogor.,  32,  288. 

Ann.  chim.  phys.  [2],  58,  202. 

J.  prakt.  Chem.,  6,  49. 

Baumgartner's  Zischr.,  2,  293. 

Berz.  Jsb.,  15,  132. 

Reis.  Ural,  i,  432. 

Am.  J.  Sci.  [i],  32,  162. 

J.  prakt.  Chem.,  12,  185. 

Ann.  der  Phys.,  Pogg.,  40,  404. 
J.  prakt.  Chem.,  11,  82. 
Ann.  des  Mines  [3],  13,  448. 
Berz.  Jsb.,  1839,  18,  186. 
J.  prakt.  Chem.,  I2,  227  and  238. 
Berz.  Jsb.,  1839,  18,  523. 
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Date. 


1838 

1838 
1839 
1839 


1839 
1840 

1840 

1841 
1841 
1841 
1843 


Author. 


1842 


1843 


HiSINGER  .  .   . 

Rammelsberg 

Rose 

mosander  .  . 


Kersten  . 
schesrsr  . 


Rose 


Erdmann  . 
HuoT  .  .  . 
Hermann  . 
mosander 


Beringbr 


SCHEERXR  . 


Remarks. 


Analysis  of 
a  cerium  min- 
eral. 
Preparation 
iodates,  etc. 
On    tscheff- 

kinite. 

Discovery  of 

lanthanum 

in  ceria. 


Crystals  of 
monazite. 
Analyses. 


Monazite  and 

edwardsite 

identical. 

On  mosan- 

drite. 

On  bast- 

nasite. 

On  ural- 

orthite. 

Discovery  of 

didymium 

in  ceria« 


References. 


Atomic  mass 
and  salts. 


Analysis  ceri- 
um minerals. 


Sv.  Vet  Akad.  Handl.,  1838, 187. 


Ann.  der.  Phys.,  Pogg.,  44,  557. 
Berz.  Jsb.y  1840,  xg,  239. 
Reis.  Ural,  1839,  2. 

Ann.  der  Phys.,  Pogg.,  46,  648. 

Ann.  der  Phys.,  Pogg.,  47,  207. 

Compt.  Rend.,  8,  356. 

Phil.  Mag.,  1839,  390. 

Ann.  Chem.,  Liebig,  3a,  235. 

Am.  J.  Sci.  [i],  37,  192. 

J.  prakt.  Chem.,  16,  513. 

Inst.,  1839. 

Berz.  Jsb.,  1840,  19,  218. 

Ann.  der  Phys.,  Pogg.,  47,  210 

and  385. 
J.  prakt.  Chem.,  22,  449. 
Ann.  der  Phys.,  Pogg.,  51,  407 

and  465. 
Ann.  des  Mines  [4],  2,  449. 
Ann.  des  Phys.,  Pogg.,  49,  223. 


Berz.  Jsb.,  1842,  21,  178. 

Huot  Min.,  I,  296. 

J.  prakt.  Chem.,  23,  273. 

Jsb.,  1847-48,  1 1 75. 

Forhandl.  vid  Skan.  nat,  July, 

1842,  387. 
Ann.  Chem.,  Liebig,  44,   125 ; 

48,  210. 
Pharm.  Centrbl.,  1842,  793. 
J.  de  Pharm.,  1843,  143. 
Berz.  Jsb.,  1844,  23,  144. 
J.  Frank.  Inst.  [3I,  5»  4"- 
Am.  J.  Sci.  [i],  43,  404. 
J.  prakt.  Chem.,  30,  276. 
Phil  Mag.  [3],  25,  241. 
Ann.  der  Phys.,  Pogg.,  56,  503. 
Ann.  Chem.,  Liebig,  42,  134. 
Berz.  Jsb.,  1844,  23,  143    and 

187. 
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BuU.  Soc.  Moscow,  38,  467,         H 

H 

Pelouze  and 

^1 

Fremy, 

Traits  de  Chimie,  2,  737.        ^^H 

H 

C  W.  Walsh  .  . 

Cerium  oxal-  j 

Med.  Times  and  Gaz.,  1865,    ^^H 

ate  in 

Pharm.  J.  [2],  7,  39.                 ^M 

^H 

5ea*sickness.                                                     ^^^H 

^^^            mi>EX  TO 

UTERATURE   OF  CERIUM.                      1 5             I 

mt. 

Aotbof. 

Renutrks. 

fCcfcTcnocs-                                   ^H 

^ 

DnifOKTAmfi  * 

Carbide,  etc 

Arch.  ph.  Nat,  22,  3S.  ^^H 
J.  prakt.  Chem.,  94,  304.  ^^1 
Jsb.,  1S65,  176.  ^H 
Cbem.  News,  xi,  253.                       ^^H 

^F     fK) 

Vanam  .... 

Separation  of 

J.  prakt.  Chem.,  95,  410.  ^^H 
Bull  soc.  chim,  [2],  6,  204.                ^^^ 

H 

cerium  from 

1 

lanthanum. 

Jsb.,  1865.  70S.  ^H 
Ztschr.  anaL  Chem,,  4,  417.  ^^H 
Chem.  Centrbl.^  1S65,  1007.  ^^H 
Chem.  News,  \%^  178.                         ^^H 

^1    '^! 

Ullik 

Cerium  sili- 

Ber.  Akad.  Wissen.  Wien,  5a,         ^^H 

1 

cide. 

Jsb.,  1865, 1S6.                       ^H 

Ztschr.  Chem.p  1S66,  60.  ^^H 
Chem.  Centrbl.,  1865,  1045.             ^^H 

^L  1% 

CftimcH.  .  .  _ 

Cerium 

J.  Chem.  Soc.,  18,  259,                ^^^^^k 

^1 

phosphate  in 

J.  prakt.  Chem.,  97,  364.             ^^^^^1 

^^^H 

Cornwall 

Chem.  News,  12,  121.                 ^^^^^| 

^■^ 

CWnxjAia  *  . 

Note  on 
churchite. 

Chem.  News,  t2,  1S3.                       ^^H 

H    m 

Bahe  ^d 

Est'm'n  ce- 

Ann. Chem.,  Liebig,  137,  29.      ^^^^k 

■                            BVMSSH. 

rium  in  earth 
mixtures. 

Ztschr.  anal.  Chem.,  5,  no*        ^^^^H 

L  d66   R.  DbLuma  .  .  . 

Cerium  in 

Compt.  rend.,  63,  220.                        ^^^| 

~ 

apatite. 

J-  prakt,  Chem.,  97,  59.  ^H 
Jsb  ,  1S66,  946.                                     ^^H 

i««  J.  D.  Daka  .  .  . 

Identity  of 

tumerite  and 

monazite. 

Am.  J.  Sci  [2],  42,  420.                      ^^^k 

»•*?  Stouu 

Separation* 

Ztschr.  anal.  Chem.,  7,  I04«               ^^H 

k    >%  pAmsoM  and 

Separation 

Chem.  News,  16,  259.                         ^^H 

■ 

Clakke. 

from  lan- 

Jsb., 1867,  844.                                     ^H 

1. 

thanum,  etc. 

Ztschr.  Chem.  [N.  S.],  4,  191.  ^H 
Ztschr.  anal.  Chem.,  7,  249.  ^^H 
Arch.  ph.  naL,  31,  335,  ^^^H 
Bull.  soc.  chim.  [2],  ID,  29.                ^^H 

in     lS(7 

Mahiokac 

Analysis  of 

Bibf.  Univ.,  29,  ^82.                            ^^H 

h  u 

aeschynite. 

Arch.  ph.  nat..  May,  1867^  ^^H 
Ztschr.  Chem.,  xo,  725.                      ^^B 

■    >S«7 

WdHLtl.    .    .       . 

Metallic  ce- 

Ann. Chem.,  Liebig,  144,  251,         ^^H 

1 

rium. 

Jsb.,  1867,  197.  ^^H 
Ann.  chim.  phys.  [4],  13,  505.  ^^1 
Bull  soc.  chim.  [2],  9,  463*                ^^| 

^B 

J.  prakt   Chem.,  X04,  185.                 ^^H 

^1 

Am.  J.  Sci.  \il\  45.  254.  ^H 
Phil  Mag.  [4j»  35i  454-                     ^H 

^^^^ 

^^^k 

Drug.  Cir.  and  Chem.  Gaz.,  xa,        ^^H 

1 

^H 
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UTERATURE  OF  CERIUM.                    ^^^1 

^H         Bate. 

Author. 

Remarks. 

References,                             ^^H 

^H 

C.  D.  Braun  .  . 

Estimation 
cerium* 

Ztschr.  anal.  Chem.,  6,  63.              ^H 

^1 

NORDENSKIOLD  . 

Baslnasite  or 
harmatite. 

Ofv.  Ak.  Stoddu,  25,  399*               ^H 

^1 

Ekjian 

Cerium  in 

Ofv.  Sv.  Vet.  Akad.  Forhandl.,      H 

coal  ash. 

]S68,  151.                                        ^1 

^H 

Descloizeaux   . 

Optical  prop- 

enies  of 

wohlerite. 

Ann.  chim.  ph>*s.  [4],  13*  425.         ^| 

^H^  1 868 

Wolf 

Atomic  mass. 

Am.  J.  Sci.  [2],  46,  53*             ^^^H 
Zischr.  Chem.  pM.  €\  4,  671.    ^^M 

Jsb.,  18GS,  200.                                 ^B 

Arch.  ph.  nat.,  34,  357.                     ^H 

Ztschr.  ana).  Chem.^  8^  525.             ^^1 

Bull.  soc.  chim.  [2]^  12,  130.                  1 

^^L        1869 

Thalek 

Spectmin, 

Nova  Acta  Reg.  Soc.  Sci.  UpsaL          1 

\^\  voL  6.                                       a 

Ann.  chlm.  phys.  [4],  18^  238.         ^H 

^^r   1S69 

ZSCHIESCHE  .   .    . 

Salts. 

J.  prakt.  Chem.,  107,  65.                 ^H 
Bull.  soc.  chim.  [2],  13,  232.            ^H 
Ztschr.  Chem.,  13,  40.                      ^H 
Ztschr.  anal.  Chem.«  9,  540.             ^H 
Jsb.,  1869,  256.                                 ■ 
Chem.  News,  20,  118.                        ^1 

^V 

Hermann.  .  .  . 

Analysis  ceri- 
urn  minerals. 

J.  prakt.  Chem.,  107, 129  and  139.          1 

^1 

Von  Rath   .  -  . 

Orthite. 

Ann.  der  Phys.,  Pogg.,  138,  492.     ^| 

^H      1^7^ 

Rammelsberg   . 

YjtTocerite. 

Ber.,  3,  857.                                      H 

Hielmite, 

Ben,  3,  926.                               ^^M 

^H 

Nylander   .  .  . 

Analysis  of 

Act  Univ.  Lund.,  2*                 ^^^H 

eucolile. 

Jsb.  Min.,  1870,  488.                 ^^^H 

^H 

Wing 

Double  sul' 

Am.  J.  Sci.  [2],  49,  356.            ^^H 

phates. 

Bull.  soc.  chim.  [2],  14,  202.     ^^^H 
Jsb.,  1870,  325.                          ^^H 
Ztschr,  Chem.,  1870,  597.          ^^^H 
Chem.  Centrbl,  [3].  2,  185.             ^H 

^H      1870 

SdNNENSCHEIN  . 

Action  on 

Ber.,  3t  631.                                       ^B 

alkaloids. 

Bull.  soc.  chim.  [2],  14,  201.           ^H 
Chem.  News,  22,  130.                      ^H 
Ztschr.  anal.  Chem.,  9,  494.           ^H 
Jsb.,  1870,  327.                          ^^^H 
Ztschr,  Chem.,  1870,  710.         ^^^H 
Chem.  Centrbl  [3],  2,  477.        ^^^ 

^^^^  1870 

Erk . 

Separation 

Jenaische  Zischr.  Med.  Nat,  6»     ^1 

^^^^^^^^B 

raetiods,  etc. 

Ztschr.  Chem.  [2],  7,  loi.               ^H 
Ztschr.  anal.  Chem.,  10,  476.          ^H 
J.  Chem.  Soc,  24,  494-                    ^H 

-  -wtf      ^ 

Bull,  soc*  chim.  [2],  16,  84.             ^H 

1             Dftte. 
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I             1S70 

Eric 

Separation 

Chem.  News,  213,  239.                         ^H 

methods,  etc. 

jsL,  1870, 319.                           ^H 

Chem.  CentrbL  [3],  a,  277  and         ^H 

^1 

^^m 

NORDENSKTOLD  . 

Allanite. 

Ofv.  Ak.  Stockh.,  27^  551.                    ^H 

^^M     1S70 

Mendklejeff    . 

Position 

Paper  before  a  Russ.  Sac,  1869         ^H 

in  periodic 

(probably).                                           ^H 

system. 

BtilL  de  rAcad.  de  St.  Fet.«  16.        ^H 

Ann.  Chem.,  Liebig,  Supp.  8, 190.        ^H 
Ann.  Chem.,  Jjebig,  168,  45.              ^^H 
Ber,,  6,  558  (corresp.  St.  Pet).            ^H 
Ber.,  3,  991.                                           ^1 
J.  Chem.  Soc.,  26,  1004.                       ^^H 

^^^■g^t 

Descloizeaux  . 

Comp'n  of 
gadolinite. 

Ann.  des  Mines  [7],  i,  157.                 ^H 

^B    1871 

Von  Rath  .  .  . 

Monazite. 

Ann.  der   Phys.,  Pogg.,  Ergan-        ^H 
zungsband,  v.  413.                             ^H 

1           ^^7^ 

Jbun 

Analysis  of 

euxenite. 

Inaug.  Diss.  Jena.                                 ^^| 

1            1^71 

Knop 

Koppite. 

Ztschr.  Geo.  Ges.,  23,  656.                  ^H 

1           1871 

Von  Rath  .  .  . 

Crystal  or- 
thite. 

Ann.  der  Phys,,  Pogg.,  144,  579.         ^H 

^H 

Bullock   .... 

Prepar'n  of 

Am.  J.  Pharm.  [4],  i,  343,                    ^| 

bromide. 

Chem.  Ceotrbl.  [3],  2.  594.                   ^H 

H     t»7t 

Rammelsberg   . 

Separ'n  yitria 
and  ceria. 

Ber.,  4,  874.                                            H 

Analysis  of 

Ber.  Akad.  Monatsh.,  183.                  ^H 

pyrochlore. 

^^1 

Analysis  of 
polycrase. 
Analysis  of 

Ber  Akad,  Monatsb,,  425.                   ^H 

Ben  Akad.  Monatsh.,  428.                  ^^k 

euxeniie. 

^^^k 

Analysis  of 

Ber.  Akad.  Monatsh.,  406.                  ^H 

fergusonite. 

^^^H 

^H 

NORDENSKIOLD  . 

Analysis  of 
nohlite. 

G.  For.  Fork.,  x,  7.                         ^^H 

m         1871 

Bauer  

Allaniie. 

Ztschr.  Geo.  Ges.,  24,  385.                  ^H 

^H    ^^73 

J,  A.  Cabell  .  . 

Analysis  of 
aUaniic. 

Chem.  News,  30,  141.                         ^H 

■        1871 

Rammelsbero  , 

Determin'n  in 

J.  Chem.  Soc,  25,  194.                        ^H 

lantalites. 

Ber.  Akad.  Monatsh.,  1S72,  437.         ^H 

■           >^7* 

Rammelsbsrc   . 

Cerium  hypo- 

Ber.,  5,  494.                                          ^H 

phosphite. 

Jsb.,  1872,  208.                                      ^^1 
J.  Chem.  Soc.  26,  9.                           ^H 

P     i«7t 

Rammelsbsrg   * 

Composition 
of  orthite. 

Ztschr.  Geo.  Ges.,  24,  60.                    ^H 

1           '^' 

L*  D/urbxrc  .  . 

Ceria  a  test 

Upsala  Lakareform  Forhaodl.,  6,        ^H 

tor  strychnia. 

^^1 

1 

I8 
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Date. 


1872 

1872 

1872 
1873 

1873 
1873 

1873 


1873 


1873 


1873 


1873 


1874 


Author. 


L.  DjURBERG 


J.  W.  Taylor  . 


Young 

LOCKYER    .  .  . 
LlNDSTROM   .   . 

Rammslsberg 
Marignac    .  . 


Rammelsberg 


Nordenski5ld 


Thomsen  .  .  . 


Stolba 


Radominsky  . 


Remarks. 


Ceria  a  test 
for  strychnia. 


Separ*!!  from 
zirconia  and 

iron. 
Cerium  in 

sun. 

Cerium  in 

sun. 

Analysis  of 

cerite. 

Analysis  of 

wohlerite. 

Analysis  of 

yttrotantalite. 

Crystal  form 

of  salts. 


Position  in 
periodic  sys- 
tem. 


Crystal  form 
of  mineral. 


Heat  of  neu- 
tralization. 


Action  of 
HjSiFfl  on  so- 
lutions of 
cerium  salts. 


Fluophos- 
phate. 


References. 


N.  Jahrb.  Pharm.,  36,  337.J 
Ztschr.  anal.  Chem.,  xx,  44I 
J.  Chem.  Soc.,  25,  845. 
Chem.  Centrbl.  [3],  3,  \^^ 
Am,  J.  Sci.  [3],  4,  230.        ; 


Am.  J.  Sci.  [3],  4,  356. 

Jsb.,  1872,  147. 

Proc.  Roy.  Soc.,  2X,  51a. 

Ber.,  6,  1554. 

Compt.  rend.,  86,  317. 

Ofv.  Ak.  Stockh.,  30,  13. 

Ann.  der  Pbys.,  Pogg.,  15^ 

Ann.  der  Phys.,  Pogg.,  X5l| 

Arch,  des  Sci.  de  la  BibL  U 

Ann.  chim.  phys.  [4],  30,  |g 

Arch.  ph.  nat,  46,  193. 

Chem.  News,  28,  45. 

J.  Chem.  Soc.,  27,  24. 

Bull.  soc.  chim.  [2],  20,  84*^ 

Jsb.,  1873,  57  and  263. 

Ber.,  6,  84. 

Bull.  soc.  chim.  [2],  19,  36J 

J.  Chem.  Soc,  26,  601. 

Chem.  News,  27,  117. 

Jsb.,  1873,  261. 

Ztschr.  anal.  Chem.,  X3,  ixi 

Ofv.  vet.  Forhandl.,  7,  13. 

Ber.,  7,  476. 

J.  Chem.  Soc,  27,  778. 

Jsb.,  1874,  1260. 

Ann.  der  Phys.,  Pogg.,  1361 

Ber.,  7.  31. 

Bull,  soc  chim.  [2],  2X,  563 

J.  Chem.  Soc,  27,  430. 

Chem.  News,  29,  155. 

Jsb.,  1874,  118. 

Bohm.  Ges.  d.  Wissens.,  18) 

Bull.  soc.  chim.  [2],  2X,  560 

Chem.  Centrbl.  [3J,  5,  13a 

J.  Chem.  Soc,  27,  1008. 

Ztschr.  anal.  Chem.,  X3,  59 

Jsb.,  1873,  260. 

Compt.  rend.,  78,  764. 
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References. 

1874 

Radominsky  .  . 

Fluophos- 

Bull.  soc.  chim.  [2],  ax,  3  and 

phate. 

293- 
Chem.  Centrbl.  [3],  5,  292. 
Chem.  News,  29,  113,  and  30^ 

21. 
Ber.,  6,  1557^  7,  483;  8,  184. 
J.  Chem.  Soc,  27,  663. 

1874 

K.  Kruis  .... 

Cerium-ani- 

Dingl. poly.  J.,  2x2,  347. 

line  black. 

J.  Chem.  Soc,  36,  682. 

1874 

Kirk 

Cerium-ani- 
line black. 

Dingl.  poly.  J.,  212,  349. 

1874 

LiNDSTRdM   .    .    . 

Analysis  of 
gadolinite. 

G.  For.  Forh.,  2,  218. 

1874 

PiSANI 

Analysis  of 
gadolinite. 

Dsc.  Min.,  2,  13. 

1874 

Dblafontaine  . 

Valence. 

Arch.  ph.  nat.,  5X,  45. 
Jsb.,  1874,  261. 

1874 

S.  JOLIN 

Cerium 

Bihang.   till  K.   Sv.   Vet  Ak. 

double  salts. 

Handl.,  2,  14. 
Bull.  soc.  chim.  M,  21, 533. 
Chem.  Centrbl.  [3],  5,  513. 

Chem.  News,  30,  176. 

Jsb.,  1874,  255. 

«875 

BUHRIG 

Atomic 

J.  prakt.  Chem.  [2],  12,  209. 

mass,  etc. 

Jsb.,  1875,  204. 
Bull.  soc.  chim.  [2],  26,  135. 
J.  Chem.  Soc,  29,  682. 
Am.  J.  Sci.  [3],  II,  142. 

187s 

NiLSON 

Selenites. 

Nova  Acta  Reg.  Soc  Sci.  Ups., 

3,92- 
Ber.,  8,  655. 
Bull.  soc.  chim.  [2],  27,  206  and 

246. 

1875 

HiLLEBRAND 

Metallic  ce- 

Ann. der  Phys.,  Pogg.,  156,  466. 

and  Norton. 

rium. 

J.  Chem.  Soc,  30,  276. 
Chem.  Centrbl.  [3],  6,  642. 
Jsb.,  1875,  202. 
Am.  J.  Sci.  [3],  12,  53. 

'87s 

BOUSSINGAULT     . 

Phosphorus 

Dingl.  poly.  J.,  223,  72. 

in  iron  and 

Ann.  chim.  phys.  [5],  5,  178. 
Chem.  Centrbl.  [3],  8,  236. 

steel  deter- 

mined by  aid 

of  cerium. 

187s 

Radominsky  .  . 

Artificial 

Compt.  rend.,  80,  304. 

production  of 

Bull.  soc.  chim.  [2],  23,  177  and 

monazite, 

194. 

etc. 

'87s 

Rammslsbsrg   . 

Analysis  of 
samarskite. 

Min.  Ch.,  360. 

1 
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Remarics. 


1875 

1875 

1875 
1875 

1875 

1875 

1S76 


Swallow  .  .  . 
Paijkull  .  .  . 


Knop , 

Philups,  S.  £. . 

Juu  Phiufp  .  . 

BUMSKN   .   .   .   . 
NOKDmSKIOLD 


1876    SchiOr 


1876  Lboxhard  . 
1876  Trechmaxx 
1876     NlUOK    .  .  . 


1876  =  Ahl£x  . 


Analysb  of 
samaiskitc 
Anal}  sis  of 

alhmite. 

Roppitc 
Atomic  mass. 

Tedinical  use 

of  cerium. 

Spectrum 

analysis. 

Anal^-sisof 

thorite. 
Analyasof 
*     cr3rtolite. 
Aiial3rsbof 
zeocytime. 
<    Monazite. 
Mooazite. 
Chkrplati- 
nates. 
;  Double  mer> 
corj  ciikxide. 


Pioc.  Nat.  Hist  BosL,  17,  414; 

Akad.  AfhandL  Ups,  17. 

Jsh.  ICn^  1875,  67. 
Chcm.  News»  32,  176. 
Jsb.,  1875,  204. 
Hofmann's  Chem.  IndL,  1015. 

Ann.  der  PI13FS,  P>QGE-f  '55*  3R 
Ztsdir.  anaL  Ciiem^  15, 93. 
G.  For.  FoiIl,  3,  aaS. 

G.  For.  FoiIl,  3,  sag. 

Jsb.  Hin^  1876, 306. 

Jsb.  Min.,  1876, 353. 
Jsb.  ICn,  1876,  593. 
Ber.,  9,  1056  and  114a. 


IsbL,  i87£w  a9a. 
Or.  af     " 


i$76    FjfcwmsiacG 


^S7^    XiLSOX  .  .  . 
i$7>7    GiuccKXSB  -  . 


Atnaicaass. 

PlaixnoBixriie. 
Cerium  osa^ 


aL  &r.  VeL  Akad.  FSA. 

X0.8. 
Bu]Lsocckim.[a],97,36s. 
Bcr.,9,i58QL 
J.  Cbem.  Soc,  31,  aftx. 
Jsbw  1876^  Z40L 
Ber.,  9,  17*8. 

J-  prakt.  Chem.  [a],  i€i»  241. 
Amde  lead  before 

Scboolof] 


IB  Phaim.  J.  Fsl  7, 909. 


40$. 


li^r: 

Maiixt  .     . 

Sapjfee. 

»^:: 

AlOJCS  .... 

simars^n^e. 

j^r 

ruwoTT 

.  .     A3UL>rs2S  ctf 

t^^r* 

K^fcw  ,     .  . 

-  .     Atii}ts3S  of 

»^^r* 

rUMOTR  . 

ATia}rs»  cc 

•^* 

£s9.^:$nwSv 

i»rT 

^iitesn 

ASante. 

Am.  J.  Ptiaim. 

Isb^  1578.  245. 

Am.  J,  ScL  r^  14,  397. 

Am.  J,  So.  [sJ.  14, 13a. 

fiablL  Add.  Sl  BeL»  4  463. 

2sadir.  IIiisL,  1,384. 

Asm.  cinm.  p&ns.  \£^  u»  411. 

Akad.  Aaian^.  UpsaL  1877. 

Akad.  ^fhfiiB  UpsaL,  1877. 
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1   'S77 

S.  H  PAI IKULL   • 

Analysis  of 
mineral 

G.  For.  Forh,,  3,  350.                        ^^B 

1    >S7; 

Ftir-  .  

Prepar'n  me- 

Ann.  Chern.,  Liebi^,  183^  367*          ^^| 

lallic  cerium. 

Chem.  CentrbL  [3],  8,  51.                 ^^1 

1    <8n 

J.  L  SMrm  .  *  . 

Analysis 

Am.  J.  Scf.  [3],  13,  362,  ^H 
Ann.  chim.  phys.  [5],  12,  253.          ^^1 

of  minerals 

containing 

^^H 

cerium. 

^^H 

1    iiji 

RAMMmUBtRO    . 

Monazite,  etc. 

Ztschr.  Geo,  Ges.,  29,  79  &  815.  ^^ 
Jsb.  Min,,  1877.  831.  J 
Jsb.,  1S77,  1298.                                 ^^1 

■      >«77 

JtHCIflJEW   .    .    . 

Monazite. 

Ztschr.  Kryst.,  i,  398.                        ^^1 

■    In 

PiSANI 

Turnente. 

Compt.  rend.,  84,  462.  ^^H 
Zlschr.  Krysr.,  i«  405.  ^^H 
Jsb.  Min.,  1877,  412*                          ^^H 

I    1178 

CassA 

Cerium  in 

Atti  dei  Lincei,  1878.                        ^^H 

apatite. 

Ber,  IX,  1837.  ^H 
Chem.  Centrbl.  [3],  xo,  X28.  ^^| 
Chem  News,  38,  16S.  ^H 
Compt.  rend.t  87,  377.  ^^H 
Revue  Sci.,  1S7G,  15,  264.  ^^1 
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Lang   ...... 
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^H        1864 
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Ann.  Chem.,  Liebig,  131,  359.       ^^k 

from  ceriunn. 

Ztschr.  anal.  Chem.,  5*  111.            ^H 
Bull.  soc.  chim,  [2],  3,  385.             ^H 
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^■^  1864 
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Ztschr.  Chem.  [N.  S.],  I,  14.           ^H 
Ztschr.  anal.  Chem.,  3,  394.            ^H 
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Deville. 
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Inst.,  1864,  269.                               ^H 
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Ztschr.  anal  Chem.,  5,  lit.           ^H 
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^^H 
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J.  nrakt.  Chem.,  104,  174.                   ^^^k 
Bull,  soc,  chim.  [2],  lo,  356.               ^H 
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Ber.,  9,  1580.                                     ^H 
Jsb..  1S76,  240.                                 ^H 

U}« 

WntouBorr.  . 

Ferro- 

Ann.  chim.  phys.  [5],  8^  444.           ^^| 
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Bull.  soc.  chim.  [2],  31,  316.            ^^| 
Ikr,  11,  804.                                      ^H 
J.  Chem.  Soc,  34,  647.                    ^H 
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I«J8 

Stolba  ..... 

Separation 
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Jsb.,  1882,  21,  284.                            ^H 

Chem.  News,  46,  16  and  249*          ^H 

^^^  1882 

Stolba   

Volumetric  , 

Listy  Chem.,  7,  52.  ^H 
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J.  Chem,  Soc,  46,  557*                    ^H 

^^         UWBX  TO  UTERATURE  OF  LANTHANUM.              39            ■ 

Dm; 

AttttMir. 

Remarks. 

References.                              ^^H 

iMl 

Separation 

from  gadoli* 

niie  earths. 

Monatsh.  Chem,,  4,  650.                   ^^k 

iMi 

StOLPA 

Delerminat'n 
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Jsb.,  1883,  353.                                 ^H 

1S84 

BOKSBACrORAK  .    , 

Separation 

Ann.  chiin*  phys.  [6],  2,  195.             ^H 
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Ber.,  17.C,  182.                                 ^H 

1884 

ROBTMSOH  .   .    _ 

Separation 

Proc.  Roy.  Soc.  37.  150.                       1 

from  cerium, , 

Chem.  News,  50,  251,  272  and           I 
284.                                                      1 
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Ber.,  tS.C,  42S.                                   ^H 
Chem.  News,  52,  35.                         ^H 
J.  Chem.  Soc,  48,  955.                    ^H 
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^3 

sulphate. 
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LETTER  OF  TRANSMITTAL. 


New  York,  July  24,  1894. 
The  Committee  of  the  American  Association  for  the  Advancement  of 
Sdeoce  having  charge  of  Indexing  Chemical  Literature  has  voted  to  recom- 
neod  to  the  Smithsonian  Institution  for  publication  the  three  following 
bdens:— 

An  Index  to  the  LrrERATURB  of  Cerium.* 
An  Index  to  the  Literature  of  Lanthanum.* 
Both  by  W.  H.  Magee,  Ph.  D. 

An  Index  to  the  Literature  of  Didymium. 
By  A.  C.  Langmuir,  Ph.  D. 
The  Utter  has  ahready  appeared  in  the  School  of  Mines  Quarterly,  No.  i, 

Vol  XV. 

H.  CARRINGTON  BOLTON, 

Chairman. 

"To  the  Skeitart  of  the  Smtthsonian  iNSTrrurioN. 

^  These  Indexes  are  printed  as  Smithsonian  PuhUcation  No.  971. 


INDEX  TO  THE   LITERATURE  OF  DIDYMIUM  — 
1842-1S93. 


By  A.  C.  LANGMUIR,  Ph,  D. 


Tki  blkiwiiig  paper  is  offered  to  chemists  with  the  hope  that  it  may 
kodome  value  10  them  in  their  researches  on  an  element  of  great 
tbeorttical  and  scieniiiic  interest,  particularly  as  an  example  of  the 
•onderful  results  accomplished  by  the  use  of  the  spectroscope  in  mod- 
W5  chemistry.  The  voluminous  literature  of  didymium  affords  a 
^bg  illustration  of  the  pursuit  of  science  for  its  own  sake»  and  with 
■0  reward  beyond  the  satisfaction  of  having  advanced  the  cause  of 

Or^pnal  moik,  at  the  present  time,  must  always  be  preceded  by  a 
)nf  «Dd  painstaking  search  through  the  literature,  which  consumes  no 
^BQ^derable  amount  of  time*  Anything  which  can  lighten  the  labors 
of  tike  tfiveatlgator  in  this  direction  is  sure  to  be  a  welcome  addition  to 
Jfsbmture. 

1 18S2  Dr.  H.  Carrington  Bolton  originated  the  idea  of  indexing 
4*  litemttirc  of  each  of  the  chemical  elements,  and  a  Committee  on 
todoiag  Chemical  Literature  was  appointed  by  the  American  Asso- 
**5bo  for  the  Advancement  of  Science.  The  committee  annually 
*^fts  the  progress  made  during  the  year,  the  reports  being  published 
••  the  Ckemiial  Nfws  and  in  American  journals. 

The  (oQowing  elements  have  been  indexed :  — 


- — Index  to  the  literature  of,  1801-1887,  by  Frank  W, 
Traphagen^  Smithsonian  Miscellaneous  Collections,  No.  663, 
WasltifigCoii,  i88d. 
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Iridium.  —  Bibliography  of  the  metal,  1803-1885,  by  N.  W.  Perry,  in 
Mineral  Resources  of  the  United  States,  1883-1884,  p.  588; 
School  of  Mines  Quarterly,  1885,  p.  Z14;  Chem.  News,  1885, 

5i»  P-  32. 
Manganese.  —  Index  to  the  literature  of,  1596-1874,  by  H.  C.  Bolton, 

Annals  of  the  Lyceum  of  Natural  History,  New  York,  VoL 

II.,  Nov.,  1875. 
Titanium. —  Index  to  the  literature  of,  1783-1876,  by  E.  J.  Hallock, 

Annals  of  the  New  York  Academy  of  Sciences,  VoL  I.,  Nos. 

2  and  3,  1877. 
Uranium.  —  Index  to  the  literature  of,  by  H.  C.  Bolton,  1789-18859 

Smithsonian  Reports  for  1885,  Washington,  1885,  p.  919- 

946. 
Vanadium.  —  Index  to  the  literature  of,  1801-1876,  by  G.  Jewett  Rod^ 

well.  Annals  of  the  New  York  Academy  of  Sciences,  VoL  I^ 

No.  5,  1877. 

The  general  plan  of  the  following  index  corresponds  with  that  of  die 
others  published.  The  indexes  at  the  end  of  every  volume  of  eadi 
journal  were  consulted,  unless  an  index  covering  a  series  of  years  was 
available.  The  French  journals  proved  to  be  very  troublesome  in  this 
respect,  as  indexes  at  the  end  of  the  volume  are  often  omitted,  and  the 
general  indexes  are  seldom  detailed  enough  to  be  of  much  vahie. 
This  was  especially  true  of  the  Bull.  Soc.  Chim.  and  the  Atm.  Ckim. 
Phys. 

The  abbreviations  used  are  those  given  by  H.  Carrington  Boltoii 
in  his  "Select  Bibliography  of  Chemistry,  1492-1892,"  Smithsooian 
Miscellaneous  Collections,  No.  840,  Washington,  1893. 
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Ztschr.  Chem.,  lo,  725*                     ^^H 

I      1969 

Salts;  i-quiva- 

J.  prakt.  Chem.,  107,  74.                   ^^H 

lent  of  oxide. 

Bull.  soc.  chim,,  13,  232.  ^^^H 
Ztschr  Chem.,  13,  40.  ^^H 
Ztschr.  anal.  Chem.,  9,  540.  ^^H 
Jsb.,  1869,  259.                                   ^^^1 

■     1S69 

Thalck 

Measurement 

Nova  Acta  Reg.  Soc.  Sc,  Upsal         B 

oC  spectrum. 

[3].  vol.  6.  ^fl 
Ann.  chim.  phys.  [4],  18,  238.         ^^H 

■     1369 

HEftHANK.   *   .   . 

Occurrence  in 
mineral  king- 
dom. 

J.  prakt.  Chem.,  107,  140.                ^^H 

■    1170 

£rk 

Atomic  weight, 

Jenaiscne  Ztschr.  Med*  Nat.,  6,            ■ 

Separation 

299.                                                ^H 

from  lantha- 

Ztschr.  Chem.  [2],  7,  101-115.        ^^H 

num  and 

Ztschr.  anal.  Chem.,  lO,  476,  509.     ^^H 

yttrium. 

J.  Chem.  SoCm  187  i,  494.  ^^H 
Bull  soc.  chim.,  16,  84.                     ^^H 

1     <^o 

W.  GlBBS    ,       .   . 

Sulphate    .  . 

Ber.,  1870,  858.                                 ^^H 

■       ^&70  1  IUl|MKa.;!MIIULG    . 

Occurrence  in 

Ber.,  1870,  858.                                 ^^H 

1 

1 

yttrocerite. 

1 
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1872 

Young    

Occurrence  in 

Am.  J.  ScL  [3],  4,  356. 

the  sun. 

Jsb.,  1872,  147. 

1872 

Horner 

Occurrence  in 

Chem.  News,  26,  109,  285.     = 

pyromorphite. 

J.  Chem.  Soc.,  25,  995. 
Bull.  soc.  chim.,  19,  23. 
Jsb.,  1872,241. 

1872 

Church 

Didymium  in 

Chem.  News,  26,  130. 

British  min'ls. 

J.  Chem.  Soc.,  25,  1075. 

1872 

Rammelsberg  . 

Determinat'n 
in  tantalites 
&  columbites. 

J.  Chem.  Soc.,  25,  194. 

1873 

Marignac    .  .  . 

Crystallo- 

Ann.  chim.  phys.  [4],  30,  56. 

graphic  forms 

Jsb.  rein.  Chem.,  1873,  57. 

of  salts. 

Bull.  soc.  chim.,  20,  84. 
J.  Chem.  Soc.,  27,  25. 

«873 

Mendelejeff    . 

Position  in 

Ann.  Chem.,  Liebig,  SuppL, 

• 

periodic  sys- 

190. 

tem. 

Ann.  Chem.,  Liebig,  x68,  45-< 

Ber.,  1873,  558. 

J.  Chem.  Soc,  26,  1004. 

1873 

Horner 

Occurrence  in 

Chem.  News,  28,  282. 

scheelite. 

J.  Chem.  Soc,  27,  345. 
Bull.  soc.  chim.,  2X,  275. 
Jsb.  rein.  Chem.,  1874,  77. 
J.  de  Pharm.  [4],  19,  494. 

1873 

Stolba 

Salts 

Ber.  der  konigl.  bohm.  Gcs»4 

Wissensch.,  Nov.,  1873. 
Ztschr.  anal.  Chem.,  13,  59. 
Jsb.  rein.  Chem.,  1874,  77. 
Jsb ,  1873,  260. 

1873 

Carlson   .... 

Plat'nocy'n'de 

Ber.,  1873,  1468. 

1873 

Rammelsberg   . 

Isomorphism 

of  sulphate 

with  cadmium 

sulphate. 

Ber.,  1873,  87. 

1873 

Thalen 

Spectrum  .  . 

K.  Svensk.  Vet.  Acad.  Handl 

1873,  12,  No.  4. 
Bull,  soc  chim.  [2],  22,  350. 
Jsb.  rein.  Chem.,  1874,  75. 

1874 

Frerichs  .... 

Compounds. 

Ber.,  1874,  798. 

Separation 

Ztschr.  anal.  Chem.,  13,  3^7. 

from 

Bull.  soc.  chim.,  22,  498. 

lanthanum. 

J.  Chem.  Soc,  27,  1062. 
Am.  Chemist,  5,  264. 
Jsb.  rein.  Chem.,  1874,  76, 
Jsb.,  1874,  256. 

1874 

TOPSOE 

Crystallo- 

K.  Svensk.  Vet.  Acad.  Hand 

graphic  inves- 

1874, No.  5. 

' 

tigations. 

Bull,  soc  chim«,  23,  353. 
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•874 

TOPSOB    ..... 

Crystallo- 
p-apbic  inves- 
tigations. 

Jsb.  rein.  Chem.,  1874,  77.              ^^| 

>«M 

Curs 

Researches* 

K.  Svensk.  Vet.  Acad.  Handle,       ^^| 
2,  No.  8.                                              J 
Bull.  soc.  chim.  [2],  2X,  246.            ^^| 
Chem.  NewSf  30,  21.                         ^^H 
J.  Chem.  Soc,  28,  34.                       ^^H 
Jsb.  rein.  Chem.,  1874,  77.               ^^H 
Jsb.,  1874^  257.                                ^H 

_% 

Cliv^s 

SepVtion  fr'm 

Bull.  soc.  chim.  [2],  21,  196.            ^^H 

■^ 

lanthanum. 

Arch.  ph.  nat.,  50,  212.                     ^^| 

W^'> 

Hartlkv  •  .  .  . 

Dissociation 

Lond.  R.  Soc.  Hroc,  22,  241,          ^^| 

r 

of  solutions. 

Chem.  News,  29,  148.                      ^^1 
Ber.,  1S74,  140.                                 ^H 
Jsb.,  1S74,  97.                                    ^H 

■     >S74 

Thousxn  .... 

Heat  of  neu- 

Ber., 1S74.  31*                                  ^H 

■ 

tralization  of 

Chem.  News,  29,  155.                      ^^H 

h 

oxy  hydrate. 

J.  Chem.  Soc,  27,  450.                     ^H 
Jsb.,  1874.  liS.                                  ^H 

^T5 

HfLLKBRAND 

Metallic  di- 

Ann.  der  Phys.,  Pogg.,  IS^*  4^^*       ^W 

and  Norton. 

dymium. 

Chem,  Centrbl.,  1875,  642.               ^^B 
J.  Chem.  Soc,  30,  276.                    ^^| 
Jsb.,  1875,  466.                                  ^H 
Am.  J.  Sci.  [5],  12,  53.                     ^^1 

i»K 

BUHRIO    ..... 

Detection  of 
traces  by 

J.  prakt.  Cbcm.  [2],  12,  209.           ^^B 

.IjS 

CUVK 

spectrum. 
A  t'mic  weight. 

Ber.,  1875,  129.                                 ^H 

il,S 

PlIU,IP»     .... 

A  t'mlc  weight. 

Chem.  News,  32,  176.                     ^^H 

l»,5 

BUNSKN    

Electrolytic 

separation 
from  Ce 
and  La* 

Ann.  der  Phys.,  Pogg.,  155,  653.           ■ 

M 

BtmstN  ..... 

Absorption 

Ann.   der    Phys.,    Pogg.,  155,           J 

specirums. 

Ztschr.  anal.  Chem.,  15,  93.            ^^H 
Am.  J.  Sci.  [5],  XI,  I43-                  ^H 

£ 

NlLSOK 

Valency,  sel- 
enide. 

Ber.,  1875,  659.                                ^H 

NtUON    •   .   .   ,   . 

Valency^  chlo- 

Ber.,  1876,  1058,  1 1 45-                    ^H 

^^ 

roplatinate. 

Jsb.,  1876,  292.                                       V 

■    »?< 

HlLUmfUMB    . 

Specific  heat. 

Ann.  der  Phys.,  Pogg.,  158,  75.            ■ 
Phil.  Mag.  [5],  3.  HI-                            1 
J.  Chem.  Soc,  31,  50.                      ^M 
Jsb.  rein.  Chem.,  1876,  74.             ^^B 

^rtj« 

Jsb.,  1876,  74.                                  ^H 

Rammelsbsko  • 

At*mic  weight 

Ber.,  1876,  1580,                              ^^1 

1 

Jsb,,  1876,  240.                               ^^^k 
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1S76 

Wyrooboff.  .  . 

Ferrocyanide. 

Ann.  chim.  phys.  [5],  8,  45611.: 
Jsb.,  1876,312. 

1876 

NiLSON 

Platinonitritc. 

Ber.,  1876,  1728. 

1876 

Pettersson.  .  . 

Molecular 
volume. 

Ber.,  1876,  1566. 

1877 

Delafomtaine  . 

Occurrence  in 

Arch.  ph.  nat,  59,  176. 

N.C.s'm'rsk'te 

Jsb.,  1877,251. 

1877 

v^L£VK  •••••• 

Compounds. 

Bull  soc.  chim.  [2],  ag,  492. 

Ber.,  1878,  910. 

Jsb.  rein.  Chem.,  1878,  8a 

1878 

Stolba 

SepYtionfr'm 

Bohm.  Ges.  d.  Wissensch^  ill 

cerium  and 

Jsb.,  1878,  1059. 

lanthanum. 

1878 

BOISBAUDRAN  .   . 

Occurrence  in 

Compt.  rend.,  86,  1028. 

rhabdophan. 

Ztschr.  Kryst,  3,  191. 
Jsb.,  1878,  1228. 

1878 

Frerichs  and 

Researches. 

Ann.  Chem.,  Liebig,  X9X,33i«-] 

Smith. 

Ber.,  1878,  804. 
Chem.  Centrbl.,  1878,  386. 
Chem.  News,  37,  250 ;  38,  5] 
J.  Chem.  Soc^  34,  647- 
Jsb.  rein.  Chem.,  1878,  79. 

1878 

Frerichs  .... 

Compounds. 

Ber.,  1878,  1 151. 

J.  Chem.  Soc,  34,  934- 

Jsb.  rein.  Chem.,  1878,  8a 

1878 

Dklafontaine  . 

Didymiiun  in 

Compt  rend^  87,  632. 

N.  C.  samar- 

Chem.  News,  38,  223, 

skite. 

Jsb.,  1878,  259. 

1878 

Delafontaine  . 

Probable  com- 

CompL rend.,  87,  634. 

pound  nature 

Ber.,  1879,  364. 

of  didymium 

Chem.  Centrbl.,  1878,  802. 

from  cerite. 

J.  Chem.  Soc,  36,  1 19. 
Monit.  Sc  Quesneville,  20^  ijj 
Jsb.  rein.  Chem.,  1878,  79. 
Jsb.,  1878,  259. 

1878 

NiLSON 

Platino-iodo- 
nitrate. 

Ber.,  1878,  885. 

1878 

Claes 

Absorption 
spectrum. 

Ann.  der  Phys.,  Ppgg.  [2],  3,  ^ 

1878 

COSSA 

Wide  occur- 

Gazz. chim.  ital.,  9,  118-140^ 

rence  of 

J.  Chem.  Soc,  36,  696. 

didymium. 

Chem.  News,  38,  164. 
Jsb.  rein.  Chem.,  1878,  8a 

1878 

SORET 

Absorption  of 

Arch.  ph.  nat  \i\  ^  89. 
Compt  rend.,  86,  1062. 

ultra-violet 

««79 

BOISBAUDRAN 

rays. 
Absorption 

Cbmpt  rend.,  88,  323,  1167. 

and 

Monit  Sc.  Quesneville,  ai,  4 

J.  L.  Surra. 

Chem.  CentrbL,  1879,  ^5^  4 
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itn 

BOBBAtJDRAK 

Absorption 

J.  Chem.  Soc.»  36.  696.  861.           ^fl 

and 

specirunL 

Chem,  News,  39,  2S6.                     ^^H 

J*  L.  SMtTlf. 

Jsb.,  1S79,  165.  ^H 
Ber.,  1879,  841,  2080.                       ^^M 

1I79 

CLI7E 

Chloro-stan- 

Bull,  soc,  chim.  [2],  31,  197,           ^^| 

natc  didymi*m 

J.  Chem.  Soc,  36,  602.                   ^^H 

a  simple  body. 

Jsb.,  1879,  286.                                 ^H 

'»;? 

ScffircsAiarr  .  . 

Metallic  di* 
dymium. 

Chem.  News,  40,  35*                       ^^1 

1879 

CotsA 

Occurrence  in 

Compt.  rend,,  87,  377.                     ^H 

scheelite^  etc. 

Her.,  1879,  36a.  ^m 
Chem,  Centrbl.y  1^79*  128,  ^^H 
Jsb.  Min,,  1879,  615.  ^^H 
Ztschr.  Kryst,,  3,  447.  ^^H 
Chem,  News,  40,  90.  ^^H 
Jsb.,  1879,  1179.                               ^^1 

a^ 

C08SA 

Detection  in 

Ztschr.  Kryst,.  3,  325.                      ^H 

minerals. 

Jsb.  rein.  Chem.,  1879,  66.              ^^H 

•*» 

SOKgT  

Absorption 
spectrum. 

Compt.  rend.,  88,  422.                    ^^| 

Fluorescence 

6er,»  ^879,  1019^  207S.                   ^^H 

of  salts. 

Chem.  CentrbL,  18x9,  308.             ^^| 

^ 

SeLui 

Tungstate. 

R.  Acad.  Lincei,  3,  26.  ^^H 
Ztschr.  Kryst.,  3,  631.  ^^H 
Jsb.  rein,  Chem..  1879,  66.  ^^H 
Chem.  News,  40,  90.                 ^^^^H 

^    >»79 

Kopp   .  ,      ,  .  . 

At'mtc  weight. 
Isomorphism* 

Ber.,  1879,  909.                        ^^^H 

•«W 

StouiA   .  *  *  .  . 

Separation  of 
cerium  and 
didymium. 

Chem,  Centrblf  18791  595.      ^^^^H 

12: 

t  F.  Smitii  *  .  . 

Electrolytic 
estimation. 

Ber,  1880,  754.                              ^H 

■    tSto 

Kaiuckac*  *  ,  . 

Occurrence  in 

Arch,  ph.  nat  [3],  3,  413.               ^H 

L 

samarskite. 

Compt.  rend,,  90,  809.  ^^H 
Ann.  chim.  phys.  [5],  20,  535.  ^^m 
Chem.  Centrbl.,  1880,  356.  ^^H 
Jsb.  rein.  Chem.,  1880,  73.  ^^^ 
Jsb.,  1S80,  295.                                 ^^1 

~  lato 

NfLSON 

Occurrence  in 

Ber.,  1880,  1430,  1439.                    ^H 

euxcnitc  and  1 

Compt.  rend.,  91,  57.                      ^^H 

separation. 

Jsb.,  1880,  300.                              ^H 

,     «ife 

N1130N  mod 

MoleculVheat 

Ber.,  1S80,  1459.                              ^^H 

1^ 

PETTfiRSSON. 

and  volume. 

Compt.  rend.,  91,  232.  ^^H 
Jsb.,  tSSo,  237.                                 ^H 

F  isso 

PiKOift  and 

Occurrence  in 

Gazz.  chim.  ital,  10^  390.                ^^M 

W 

SCHIAPAJIELLI. 

urine. 

Jsb.,  1880,  1 1 14.                               ^^1 

lUo 

CO6SA  ...... 

Occurrence  in 

Gazz.  chim.  ital.,  10,  46c*               ^^H 

b 

J 
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V           iSSo 

COSSA 

Occurrence  in 
urine. 

Jsb.,  1880,  295.                                        ^H 

1            tSSo 

COSSA 

Tungsiate. 

Gaz2.  chim.  ital.,  10,  467.                    ^^| 
Ber.,  1S81,  107.                                  ^H 
J.  Chem.  Soc,  40^  225.                       ^^| 
Jsb.,  18S0,  293.                                    ^H 

V       1880 

SORET 

Spectrum. 

CompL  rend.,  gi»  578.                          ^^H 
Chem.  CentibL,  18S0,  662.                  ^H 
Jsb.,  1880,  210.                                     ^^1 
Jsb.  rein.  Chem.,  1S80,  74.                  ^^^L 

t       18S0 

SORET 

Ultraviolet 

Arch,  ph,  nat.  [3],  4,  261.                   ^^| 

absorption 

Jsb.,  iSSo,  214.                                    ^^^k 

spectrum. 

^^H 

^^    1881 

Clarke 

At'mic  weight. 

Am.  Chem.  J.,  3,  263.                         ^^^k 
Phil.  Mag.  [5],  12,  lot*                        ^^1 
Jsb..  rS8i,  7.                                         ^H 

I       1881 

Brauner  .... 

Valency  pent- 
oxide* 

Chem.  Ztg.,  18S1,  791.                        ^^H 

1       1881 

Crookes    .  •  .  . 

Phosphores- 

Lond. R.  Soc,  Proc.,  32,  206.             ^H 

cence  of 

Ann.  chtm.  phys.  [5]^  23.  555.              ^H 

oxide. 

Compt.  rend.,  92,  1281.                       ^^| 
Chem,  News,  43,  237.                          ^^| 
Jsb.,  1S81,  131.                                    ^H 

W_  188^ 

Brauner  .  *  .  * 

Researches. 

Sit2b.  Akad.,  Wien  [2],  84, 11 65 ;        ^H 

86,  168.                                           ^\ 

Monaish.  Chem.,  3,  1-60,  486-             A 

505-                                            ^H 
Compt.  rend.,  94,  17 18.                      ^H 
Ann.  der  Phys.,  Fogg.,  BeibL,  6^        ^H 

Ber.,  1882,  109,  115,  2231.                 ^H 

Chem.  CentrbL,  1882,  616.                  ^H 

Monit.  Sc*f  Quesneville  [3],  I2^        ^H 

59St  794*                                           ^H 

J.  Chem.  Soc,  41,  68.                         ^H 

Chem,  News,  46,  16.                           ^^| 

Jsb.,  1882,  2S3,  285.                             ^H 

1     1882 

Clarke  

At'mic  weight. 

Am.  Ch<;m.  J.,  4,  76.                              ^^| 

■      1S82 

Hartlev  .  *  .  . 

Separation 

Chem.  News,  45,  40*                            ^^| 

from  ceriym. 

Chem.  CentrbL,  1882,  151.                 ^H 

1     1882 

Stolba   ..... 

Volumetric 

Chem.  Centrbl.,  1882,  826.                 ^H 

estimation. 

Jsb.,  18S2,  1286.                                   ^H 

I     1882 

BoiSBAUDRAN  ,    . 

Separation 

Compt.  rend.,  94,  1439.                       ^H 

from  gallium. 

Jsb,,  18S2,  1296.                                    ^H 

^^  1882 

Cleve  

Preliminary 

Compt.  rend.,  94,  1528.                        ^^| 

note. 

Monit.  Sc,  Quesneville,  24,  689,         ^H 
Chem.  CentrbL,  1882,  451.                  ^H 
Ber.,  1882,  1750.                                  ^H 
Chem.  Ztg.,  1882,  658*                         ^H 
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I      igS> 

Cletk  ...,., 

Preliminary 

J.  Chem.  Soc,  44,  iS.                     ^^| 

H 

note. 

Chem.  News,  45,  273.                      ^^^k 

1 

Cl  KVE 

At'mic  weight. 

Compt.  rend.,  95,  33.                             V 

Monit.    Scy   Quesneville,   18S2,         ■ 

79S-                                                     1 

Chem.  CentrbL,  1882,  616.             ^^1 

Chem.  News,  46.  43.                        ^^H 

1" 

CtKn  • 

A  t'mk  weight. 

Bull.  soc.  chim.  [2],  39,  2S9.          ^^H 
Ber.,  1883,  1212.                              ^^1 
j.  Chem,  Soc,  44,  852,                    ^^H 
Chem  News,  47,  203.                     ^^H 
Jsb.,  18S3,  37.                                 ^H 

^1    1B83 

Clivk  s  .  •  ,  .  . 

Separation 

Compt  rend.,  97^  94.                     ^^H 

H 

from 

Her.,  18S3,  3494.                             ^^H 

1 

samarium. 

J.  Chem.  Soc,  43,  362.                   ^^H 
Chem.  News,  48,  39,  74.                 ^^H 
Jsb.,  1883,  361.                               ^H 

1  «• 

WCUBACB     .   .    . 

Sep'r'tion  fr'm 
other  gado 
linite  earths. 

Monatsh.  Chem.»  4,  630-^42,        ^^H 

V  tttj 

AiiciiB.  ..... 

Preparation 

Monatsb.  Chem.,  4,  913-925,        ^^H 

^ 

from  cerite. 

J.  Chem.  Soc,  46,  557.                    ^^H 

>«s, 

Stolba   

Estimation  as 
oxalate. 

Chetn.  Centrbl,  1883,  313.            ^^H 

tMj 

BSCQUKR£L  *  .    . 

Absorption 

Compt.  rend.,  96,  1217.               ^^^| 

and  emission 

jsb.,  1883, 243*                ^^H 

^■-^^ 

spectrum. 

^^^^1 

^^kB%  1 

BtAimn  *  *  .  * 

Preparation 

J.  Chem.  Soc,  43,  27S-289.                 ■ 

r 

from  cerite. 

Monit.  Sc  Quesnevillc  [3],  \%     ^^k 

595-625;  13, 160,                 ^H 

Ben,  1883,  i860.                              ^^H 

jsk,  1883, 354.                      ^^H 

^L  ''^j 

J.  L.  Smith  -  *  * 

Occurrence  in 

Am.  Chem.  J.,  5,  80.                       ^^H 

^H 

samarskite. 

Chem.  News^  48,  13,  29.                 ^^H 

^1 

Estimation  by 

J.  Chem.  Soc,  46,  iii«                   ^^H 

1 

spectroscope. 

Ber.,  1883,  1886*                              ^^H 
Jsb.,  1883,  1562.                               ^H 

■      1IS3 

DtSRAT  >  .  .  .  . 

Separation 

Compt.  rend.,  96^  828.                    ^^H 

^ 

from  cerium. 

Chem.  News,  47,  199^                     ^^B 

»: 

TlUtSK  ..... 

Spectrum. 

Ann.  der  Phys.,  Pogg.,  BcibL,  7,         H 

^93-                                                       ■ 

Oefvers.  konigl.  Vet.  ForhandLt    ^^B 

7.                                         ^H 

Ber.,  1883,  2760.                             ^^B 

"   ^ 

Haiisrofkr.  .  . 

Microscopic 

Ber.  bair.  akad.  Wissensch.^  13,         B 

lest. 

436-44S.                                       ^fl 
Jsb.»  1884^  1551.                            ^H 
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1             1884 

Robinson  •  .  .  • 

Separation 

Lond.  R.  Soc.  Proc,  37,  150.             ^^| 

from  cerium 

Chem.  News,  50,  251*                           ^^^H 

and 

Jsb.,  id84«  l^^                                     ^1 

lanthanum* 

^^H 

^^       1884 

WKT.SBACH     .   .    . 
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ADVERTISEMENT. 
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A  RECALCULATIOX  OF  THE  ATOMIC  WEIGHTS, 


By  frank  WIGGLESWORTH  CLARKE. 


INTRODUCTION. 


In  the  autumn  of  1877  the  writer  began  collecting  data  relative  to 
cletenn illations  of  atomic  weijjht,  with  the  purpose  of  prepari»4g  a  com- 
plete resume  of  the  entire  subject,  and  of  recalculating  all  tlie  esthiia- 
ion».  Thf  work  was  fairly  under  way,  tlie  material  wa^*  eullected  and 
trtly  discussed,  when  I  received  from  the  Smithsonian  Institution  a 
mscript  by  Professor  George  F.  Beekert  entitled  ''Atomic  Weight 
Bnninatioiis:  a  Digei^t  uf  the  Invciitigatiuna  Published  since  1814/* 
i\a  manuscript,  which  has  gince  been  issued  as  Part  IV  of  the  "  Can- 
mta  of  Nature,"  covered  much  of  the  ground  contemplated  in  my  own 
iJiilivrUiking.  It  brought  together  all  the  evidence,  pre«eiiting  it  clearly 
and  thoroughly  in  compact  foma  ;  in  short,  that  portion  of  the  task  could 
not  well  be  improved  upon.  Accordingly,  I  decided  to  limit  my  owmi 
labors  to  a  critical  recalculation  of  the  data;  to  combine  all  the  figures 
LUpon  a  common  mathematical  baiiis,  and  to  omit  everything  which  could 
'*8  well  be  found  in  Professor  Becker  s  "  Digei^t,*"  ^ 

In  due  time  my  work  was  completed,  and  early  in  1882  it  was  pub- 
|li.Hheil.     About  a  year  later  Meyer  and  Seubert's  recalculation  appeared, 
^t*i  b«s  followed  later  still  by  the  less  elaborate  discussions  of  Sebelien  antl 
of  OsiwabL     All  of  these  works  differed  from  one  another  in  various 
itial  particulars,  presenting  the  subject  frum  different  points  of  view, 
with  different  methods  of  calculation.     Each  tme,  therefore,  has  ita 
oirn  special  points  of  merit,  and,  in  a  sense,  reinforces  the  others.     At 
same  time,  the  scientific  lu^tivity  which  they  represent  shows  how 
idespread  was  the  interest  in  the  sul>ject  of  atomic  weights,  and  how 
fandamentally  importiuit  these  constants  undoubtedly  are, 

Tb    '-  ;     'diat^  eflV?ct  of  all  these  publications  was  to  render  manifest 
the  -  tions  of  many  of  the  data,  and  to  point  out  must  emphatic- 

ally in  wliat  directions  new  work  needed  to  lie  done.  Consequently,  there 
tms  be©n  «ince  1H84  an  extraordinary  activity  in  the  determination  of 
9mic  wdghta,  and  a  great  mass  of  new  UHilerial  has  accumulated.  The 
lilatioD  of  this  material,  and  its  combination  with  the  old  data,  ia 
?ct  of  the  present  volume, 

(I) 


2  THE   ATOMIC   WEIGHTS. 

At  the  very  berlnninir  of  ray  work,  certain  fundamental  qu»h?iion5 con- 
fr.jnie*^!  rne.  ShouM  I  treat  the  inve^tiiration-i  of  different  inJiviJaal* 
separately,  or  should  I  combine  similar  data  t*")gether  in  a  manner  irre- 
spective of  pen-un^?  For  examfJe.  ought  L  in  e^tioiating  the  atomic 
weisrht  of  silver,  to  take  Stas*  work  by  itself.  Marijniac's  work  by  ii?dt 
and  so  on.  and  then  average  the  result*  together:  or  should  1  rather 
OTiibine  all  series  of  figures  relating  to  the  composition  of  potas?iura 
0 lib  "rate  into  one  mean  value,  and  all  the  data  C'>ncerning  the  com^»aa- 
tion  of  silver  chlorid*-  into  another  mean,  and,  finally,  compute  fruni  atich 
general  means  the  constant  sought  to  be  established  ?  The  latter  plan 
wa--  finally  adopte^l :  in  fact.it  was  rendere«l  necessary  by  the  methi>lof 
least  S'juares,  which,  in  a  special,  limited  form,  was  chosen  as  the  best 
method  of  dealinir  with  the  problem. 

The  m«>de  of  discussion  and  combination  of  results  was  briefly  as 
fill  lows.    The  formula;  employed  are  given  in  another  chapter.    I  l>egan 
with  the  ratio  between  oxygen  and  hydrogen ;  in  other  wortls.  with  the 
at«»mic  weight  of  oxygen  referred  to  hydrogen  as  unity.     Each  series  of 
experiments  was  taken  by  itself,  its  arithmetical  mean  was  found,  and 
the  i»robable  error  of  that  mean  was  computed.    Then  the  several  means 
were  combined  according  to  the  appropriate  formula,  each  receiving  a 
weiglit  dependent  upon  its  prol>able  error.    The  general  mean  thus  estah- 
lishe<l  was  taken  as  the  most  i)rol>able  value  for  the  atomic  weight  of 
oxygen,  and,  at  the  same  time,  its  probable  error  was  mathematically 
a.-signed. 

Next  in  order  came  a  group  of  elements  which  were  best  discussed 
to.:(ther,  namely,  silvt-r,  chbirine,  ])Otassium,  sodium,  bromine,  and 
iu'line.  For  these  elements  there  were  data  from  many  experinientersw 
All  similar  figures  were  first  reduced  to  common  standards,  and  then 
the  means  of  individual  series  were  combined  into  general  means.  Thus 
all  the  data  were  condensed  into  nineteen  ratias,  from  which  several 
independent  values  for  the  atomic  weight  of  each  element  could  l>e 
computed.  Tlie  prol table  errors  of  these  values,  however,  all  involved 
the  pr»>bable  error  of  tlie  atomic  weight  of  oxygen,  and  were,  therefore, 
higher  than  they  would  have  been  had  the  latter  element  not  entered 
into  considrration.  Here,  then,  we  have  suggeste<l  a  chief  peculiarity 
of  this  whole  revision.  Tlie  atomic  weight  of  each  element  involves 
the  |»robabl(;  errors  of  all  the  other  element**  to  which  it  is  directly  or 
indin;clly  ref(MT«.-<l.  Accordingly,  an  atomic  weight  determined  by  refer- 
<-n<e  to  eb'iiKMits  whose  atomic  weights  have  been  defectiveh'  ascertained 
will  re'fivf  a  lii;:h  })robal»lc  error,  and  its  weight,  when  combined  with 
otluT  values,  will  be  relatively  low.  For  examjdc,  an  atomic  weight 
asrt^tainod  by  din^-t  com])arison  with  hydrogen  will,  other  things  being 
iqual,  have  a  lower  ]»robable  error  than  one  which  is  referred  to  hydro- 
iren  through  tlu?  intervention  of  oxygen  ;  and  a  metal  whose  equivalent 
Ives  only  the  probable  error  of  oxygen  should  be  more  exactly 


iNTii6DiOTr:oK. 

Si  de]  i     '       rn>h  the  errors  of  silver  and  chlorine. 
Ippcnr  tj  ly  evident  in  the  ^nhsequent  actual 


"   MiTii^^ion   ul   utomii'  \Vi'ii;iitM   is   ^K-tiii><il>ly  math©- 

♦'  juirely  90.     Chemical  considoration^  afe  necessarily 

H  Hi  4^vl»Ty  iuriu     In  liSsigning  weights  Uj  menn  values  I  have 

ttwJ  most  pari,  rigitllj  guided  hy  tiiathetuatical  rules ;  hut  in 

I  haTe  hcon  conn>elled  to  reject  altogether  series  of  data 

nuitheniatically  excellent,  hut  chemieally  worthless  heeause 

at  errors.     In  certain  instances  there  were  ^rixxe  doubt^^  as  to 

'pflirtteubu'  figures  should  he  included  or  rejected  in  the  calcula- 

'  been  legitimate  reasons  for  either  |»rooedure* 

^.    :,  ,       .     V  »uld  difl'er  wnth  me  upon  such  points  of  judg- 

In  heU  H  h  douhtftil  whether  any  two  chemi»t8,  worlcing  inde- 

-lle  all  the  dnta  in   precisely  the  same  way,  or 

produce  exactly  the  same  tinal  results.     Neither 

iiuiy  two  matheinaticiang  follow  identical  rules  or  reach  identical 

Diftf.     In  iralculaling  the  atomic  \yeight  of  any  element  those 

I  an?  aaSJjjUfKl  to  other  elements  which  have  been  determined  in 

I  chapti*r«t     Hence  a  variation  in  the  order  of  discussion  might 

l^lUight  di^erences  in  the  final  results. 

IVtoiter  of  couD*e  the  data  herein  combined  are  of  very  unequal 
In  many  mmm  of  experiments?  the  weighings  have  been  reduced 

"* -♦M'ldrtrd;  hut  in  most  cases  chemists  have  neglucteil  this 

tHi^  i.rr.     In  a  nnijority  of  instances  the  errors  thus  intro- 

^9^  l*'ss  they  exists  and  interfere  more  or  less  with 

Ittii.  ..^  .    ...  .,  ..-..,  A  consideration  of  the  results. 

Stcnsmly.  this  work  omits  many  details  relative  to  experimental 

-  to  the  arrangement  of  special  forms  of  apjia- 

rginal  memoirs  must  be  consulted.     Their  in- 

i  biT©  would  haverenden^d  the  w<irk  unwarrantably  bulky.    There 

over-ex baustiveness  ot  treatment,  which  is  etpially 

i  under  llioroughncss. 

[OTmarBe*  non«  of  the  results  reached  in  this  revision  can  he  consid- 

ifioml*     ^'  »no  «jf  them  is  liable  to  rejieated  corrections.    To 

,  ibe  1  <^i  of  the  work*  great  or  little,  lies  in  another  direc- 

Tbe  data  have  been  brought  together  and  reduced  to  common 

and  for  each  series  of  tigures  the  probable  error  has  been  de- 

Bini     Thtt«  fnr.  howtwer  much  my  methods  of  combination  may 

f  my  labors  will  have  been  useful.     The  ground  is 

.in  n  ii  ^r  future  experimenters;  it  is  [jossibleto  see  more 

ij  wh  iH  to  be  done;  some  clues  are  furnished  as  to  tho 

-leries  of  results. 

..    iiio  my  method  of  recalculation  has  obrious 

It  ip  special,  rather  than  gencniL  and  at  some  future  time, 
lu  MffidiOlUy  large  nuiss  of  evidence  has  accumulated,  it  u\\is(\, 
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Ir-t^tion  of  data.     After  all,  the  use  of  probable  error  as 
ling  is  but  a  means  of  weighting,  and  perhaps  more 


That  ftll  methods  of  averaging  are  open  to  objections,  I  am  of  course 
piiftcDy  «wiire.  I  iiI«o  know  the  doubts  which  attach  to  all  questions 
of  pfobahle  error,  and  to  all  corabinationa  of  data  which  depend  upon 
in  tlNflu  I  liAri%  however,  preferred  to  face  these  objections  and  to  recog- 
^^^Hli«»e  douliU^  rather  than  to  adopt  any  arbitrary  scheme  which  per- 
■Vof  a  * 
Hai&rftna  t 

"jniti&abli!  Uian  any  other  method  of  att^iining  the  same  result  When 
^stfTkiioDs  are  weighted  etnpiriciilly — that  is,  by  individual  judg- 
io«iit— fiir  jnvalt^^r  dangers  arise.  Almost  unconsciously,  the  work  of  a 
fiiD<^  rn  «:ri*ater  weigTit  thnn  that  of  some  obscure  chemiat, 

^u„ .       T  may  ultimately  prove  to  be  the  best.     Hut  the  prob- 

error  of  a  series  of  measurements  is  not  affected  by  the  glamor  of 

:tiir|  the  wHght  which  it  lissigns  to  the  obsen^ations  is  at 

^  any  «»t]HT.     In  the  long  run,  I  believe  it  assigns  weight 

ittmtely,  and  therefore  I  have  trusted  to  its  indications,  not  as 

tiiiLtb<  I     "      '  fetish,  but  regarding  it  as  a  safe  guide,  even 

me- 

itejrer  and  Scubert's  recalculation,  weights  are  assigned  in  quite  a 

mt.     In  each  iteries  of  experiments  the  maximum  and  mini- 

I  arp  given,  but  insU-ad  of  the  mean  th^re  is  a  value  deduced 

taittii!  sum  tif  the  weighings — that  is,  each  experiment  is  weighted 

pvpuftionally  to  the  mass  of  the  material   handled  in  it.     For  this 

BuihiMl  I  am  oaabltf  to  find  any  complete  justification.     Of  course,  the 

I  due  t4i  Uie  nperations  i\f  weiching  become  proportionally  smaller 

quantity  of  mati^rial  increases,  but  these  errors,  with   modern 

t{<p%r:»tu«k are  relatively  unimportant.     The  real  errors  in  atomic  weight 

ainaliorui  are  much  Inrger  than  these»and  due  to  different  cau.^es* 

|[BaeeAti  experiment  upon  ten  grammes  of  material  may  be  a  little  better 

I  ofk»  made  upon  flve  grammes,  but  it  is  by  no  means  necessarily 

^Wr»  iry  mean  of  a  series  of  observations,  with  its 

I  lie  proiiable  error,  is  a  better  value  than  one 

I  in  Uif  inannisr  ju^t  described,     If  only  errors  of  weighing  were 

"   •  lt  and  8eubert*s  summation  method  would   be 

nee  of  other  and  greater  errors  it  seems  to  have 

I  ^little  real  pertinency  to  the  problem  at  hand. 

I^    '*  '  d  periodicals,  the  folluwing  work**  have  been 

^  -icparutiim  of  this  volume: 

fciBia'9,  J.  J.     Lehrbuch  der  Cheniie.    5  Audage.    Dritter  Band. 
B8. 1147-1231.    1846.. 

'>\\  A.J,  Pnvve  eener  Geachiedenis  van  de  ^TEquivalent- 
f  wwii  u  der  Hcheikundige  Grondstotfen  en  van  hare  Huortelijke 
ikmigUin  in  GcMVorm,  voornanielijk  in  Betrekking  tot  de  vier 
Gmndntiitlen  der  Bewerktuigde  Katuur.    Amsterdam,  18o3. 
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Mulder,  E.  Historisch-Kritisch  Overzigt  van  de  Bepalingen  der  .-Skjuiv- 
alent-Gew,igten  yaii  13  Eenvoudige  Ligchamen.    Utrecht,  1853. 

Mulder,  L.    Historisch-Kritisch  Overzigt  van  de  Bepalingen  det  -^uiv-  ^ 
alent-Gewigte'ri  van  24  Metaleri.    Utrecht,  1853.  '' 

OuDEMANi^,  A.  C,  Jr.  Historisch-Kritisch  Overzigt  van  de  Bepaling  der 
^Equivalent-Grewigten  van  Twee  en  Twintig  Metalen.  Leiden, 
1853.  •  :  .; 

Stas,  J.  S.  Untersuchungen  iiber  die  Gesetze  der  Chemischen  Proppr- 
tionen  iiber  die  Atomgewichte  und  ihre  gegenseitigeA  Verhalt- 
nisse.    Uebersetzt  von  Dr.  L.  Aronstein.     Leipzig,  1867., 

See  also  his  **  Oeuvres  Completes,"  3  vols.,  published  at  Bruxelles 
in  1894. 

Meyer,  L.,  and  Seubert,  K.  Die  Atomgewichte  der  Eleraente,  aus  den 
Originalzahlen  neu  berechnet.     Leipzig,  1883. 

Sebelien,  J.    Beitriige  zur  Geschichte  der  Atomgewichte.    Braunschweig, 

1884. 

OsTWALD,  W.  Lehrbuch  der  allgemeinen  Chemie.  Zweite  Aufl.  I 
Band.    SS.  18-138.     Leipzig,  1891. 

The  four  Dutch  monographs  above  cited  are  especially  valuable. 
They  represent  a  revision  of  all  atomic  weight  data  down  to  1853,  as 
divided  between  four  writers. 

For  the  sake  of  completeness  the  peculiar  volume  by  Hinrichs*  must 
also  be  cited,  although  the  methods  and  criticisms  embodied  in  it  have 
not  been  generally  endorsed.  Hinrichs'  point  of  view  is  so  radically 
different  from  mine  that  I  have  been  unable  to  make  use  of  his  discus- 
sions. His  objections  to  the  researches  of  Stxis  seem  to  be  quite  un- 
founded ;  and  the  rejoinders  by  Spring  and  by  Van  der  Plaats  are  suffi- 
ciently thorough. 

•  The  True  Atomic  Weig-ht  of  the  Chemical  Elements  and  the  Unity  of  Matter.  8L  I/>ttis«  1894. 
Compare  Spring,  Chem.  Zeitung,  Feb.  22.  1893,  and  Van  der  Plaats,  Compt.  Rend.,  116,  1362.  See 
also  a  paper  by  Vogel,  with  adverse  criticisms  by  Spring  and  I*.  Henry,  in  Bull.  Acad.  Btuxelles, 
(3).  26,  469. 
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FORMULiE  FOR  THE  CALCULATION  OF  PROBABLE.  ERROR. 

The  formula  for  the  probable  error  of  an  arithmetical  mean,  familiar 
to  all  physicists,  is  as  follows : 

Here  n  represents  the  number  of  observations  or  experiments  in  the 
series,  and  S  the  sum  of  the  squares  of  the  variations  of  the  individual 
resulU  from  the  mean. 

In  combining  several  arithmetical  means,  representing  several  series, 
into  one  general  mean,  each  receives  a  weight  inversely  proportional  to 
the  square  of  its  probable  error.  Let  A,  B,  C,  etc.,  be  such  means,  and 
fl.6,ctheir  probable  errors  respectively.  Then  the  general  mean  is  de- 
termined by  the  formula : 

A  +  _l  +  :^ 

^i     ^     i,^     ^     ci 

For  the  probable  error  of  this  general  mean  we  have  : 

I 


\i^  +  i  +  ? 


^ 

In  the  calculation  of  atomic  and  molecular  weights  the  following 
^^rnmb  are  used :  Taking,  as  before,  capital  letters  to  represent  known 
<iaantities,  and  small  letters  for  their  probable  errors  respectively,  we 
have  for  the  probable  error  of  the  sum  or  diflerence  of  two  quantities, 
AandB: 

^^•'  e=  ya'^b^ 

For  the  product  of  A  multiplied  by  B  the  probable  error  is 
^'•^  e  =  y/(KbY^(haf 

For  the  product  of  three  quantities,  ABC : 
'^^  e  =  i/(BCa)'^  +  (AC^)'  -\-  (Abr)^ 

T> 

For  a  quotient,  -r'  the  probable  error  becomes 
^ a" 


(8.) 


_^(^y+(c«>'f(B^)' 


This  formula  is  used  in  nearly  every  atomic  weight  calculation,  and 
is,  therefore,  exceptionally  important.  Rarely  a  more  complicated  case 
arises  in  a  proportion  of  this  kind : 

A  :  B : :  C  +  X :  D  +  x 

In  this  proportion  the  unknown  quantity  occurs  in  two  terras.  Its 
probable  error  is  found  by  this  expression,  and  is  always  large : 


(^•^         ^=VS^^^'"'-^^'''^^ 


(A-B)« 
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Given  a  proportion,  A  :  B : :  C :  x,  the  probable  error  of  the  fourth  term    ' 
is  as  follows :  i 


When  several  independent  values  have  been  calculated  for  an  atomic 
weight  they  are  treated  like  means,  and  combined  according  to  formuls 
(2)  and  (3).  Each  final  result  is,  therefore,  to  be  regarded  as  the  general 
or  weiglittid  mean  of  all  trustworthy  determinations.  This  method  of 
combination  is  not  theoretically  perfect,  but  it  seems  to  be  the  one  most 
available  in  practice. 


The  ratio  between  oxygen  and  hydrogen  is  the  foundation  upon  which 
the  entire  .system  of  atomic  wei^rhts  is  sustained.    Hence,  the  accuracy 
of  its  determination  has,  from  the  beginning,  been  recognized  as  of  ex*    . 
treme  importance.     A  trifling  error  here  may  become  cumulative  when 
repeated  through  a  moderate  series  of  other  ratios.    But  few  of  the    * 
elenientv*«  have,  so  far,  been  compared  directly  with  the  unit,  hydrogen;    |j 
practically  all  of  them  are  referred  to  it  through  the  intervention  of   ■» 
oxygen,  and  therefore  the  ratio  in  question  requires  discussion  beforo 
any  other  can  be  profitably  considered. 

Leavinp  out  of  account  the  earliest  researches,  which  now  have  only 
historical  value,  the  first  determinations  to  be  noted  are  those  of  Dulong 
and  Berzelius,*  who,  like  some  of  their  successors,  effected  the  synthesii 
of  water  over  heated  oxide  of  copper.  The  essential  features  of  the 
method  arc  in  all  cases  the  same.  Hydrogen  gas  is  passed  over  the  hol' 
oxide,  an<l  the  water  thus  formed  is  collected  and  weighed.  From  tU 
weight  and  the  loss  of  weight  which  the  oxide  undergoes,  the  exact  Of 

*  Thomson's  Annals  of  Philosophy,  July,  i8«t,  p.  gx 
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\  of  ^aler  in  readily  calculated.     Dulong  and  Berzelias  made  but 
cxperuiidiita,  with  the  following  results  for  the  percentages  of 
CKJiffii  tnd  hydrogen  in  water : 


Fliom  thoKO  figures  we  get,  for  the  atomic  weight  of  oxygen,  the  values— 

16.124 
15.86J 
16.106 


&ilc«Oi 


Meitn,  16.031,  ±1 .057. 

^vere  not  reiiuned  to  a  vacuum,  this  correction  was 
..,  .  .  I  by  Clark*  who  isihowed  that  these  j^yntheses  really 
15.894 ;  or,  in  BerzeUan  tenns,  if  O  =  100,  H  =-  12.583,  Th^ 
V  therefore  take  as  the  true  result  of  Dulong 
,  a  result  curiously  close  to  that  reached  in 
Ul©*t  and  bwt  roecarcbee. 
"'*■*  Uamaist  puhliahcd  his  elaborate  in vesti<i:ati on  upon  the  com- 
i  water.  The  tir^t  point  was  to  get  pure  hydrof^en.  This  gas, 
(mm  anc  and  sulphuric  acid,  might  contain  oxides  of  nitrogen^ 
^rdrosulphuric  acid,  arul  arsenic  hydride*  These  iin- 
\  M  ill  a  8nries  of  wasli  bottles  ;  the  H,8  by  a  solution 
',  th(f  H,A»  by  silver  sulphate,  and  the  othei-s  by  caustic 
My,  the  giuM  Wiis  driod  by  passing  through  sulphuric  acid, 
^iiti^xpcrinicnts,  over  phosphorus  pentoxide.  The  copper 
hly  dried,  and  the  bulb  containing  it  was  weighed. 
...  hydrogen  all  the  air  was  expelled  from  the  apparatus. 
imi  then,  for  ten  or  twelve  hours,  the  oxiile  of  copper  was  heated  to  dull 
fA»i«uiaco?  IS.     The  reduced  copper  was  allowed 

toopj  in  on  ail  ..^,  i.   ^*jn.     The  weighings  were  made  with 

lUbonid  exhausted  of  air.    The  following  table  gives  the  results : 


Kmi] 


jhtainn  A  fxintmins  the  symbol  of  the  drying  substance ;  B  gives  the 

of  ihi!  bulb  and  copper  oxide ;  C,  the  weight  of  bulb  and  reduced 

'  "  woigbt  of  the  vessel  used  for  collecting  the  water;  E,  the 

wat4>r;  F,  the  weight  of  oxygen ;  G,  the  weight  of  water 

crude  e(|uivalent  of  H  wheu  O  —  10,C)00;  I,  the  equiva- 

iicicted  for  the  air  contained  in  the  sulphuric  acid  employed. 

icm  b  not  explained,  and  seems  U>  be  (|ue3tionable. 
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total  of  these  nineteen  expeViraenta,  840.161  gramines  of 

'■'  '""'  lues  of  water.     This  gives,  in  percentages,  for 

—oxygen.  88.864;  hydrogen,  1L136.     Hence 

reighl  of  oxygen,  calculated  in  mass,  is  15.9608,    In  the 

fhit  values  are  dfKluced  from  the  intfividual  data  given 

J  n  F  and  G : 

15994 

16,014 
16.024 

15916 
15.916 

«5*943 
16.000 

t5.«9i 
iS-995 
15.9^4 
«5-95S 
15.902 

•  5.987 
15.926 

•5*99* 
•5*904 
15.900 
16.015 

Menfi,  15.9607,  with  a  probable  error  of  rt  ,0070. 


ing  t!t«  above  column  several  discrepanciey  were  notod, 

iet«>  misprints  in  the  original  memoir.    On  comparing  col- 

with  F,  or  D  and  E  with  G,  the«e  anomahcs  cliiefly  ap- 

deiected  and  careriiUy  considered  in  the  eourdo  of  my 

iotii;  and,  I  believe,  eliminateil  from  the  final  result. 

ilion  of  Krdniann  and  .Marchand  *  followed  closely  after 
Tilt:  metho(l  of  [procedure  was  e*f.<eiitialiy  that  of  the 
Kbl,  diflTering  frtim  it  only  in  points  of  dotaiL  The  hydrogen 
1  fnim  zinc  and  sulphuric  acid,  and  the  zinc,  which 
J  carbon,  was  proved  to  be  free  from  arsenic  and  siil- 
copper  Qxide  was  made  j>artly  from  copper  turnings  and 
ignition  i>f  the  nitrate.  The  results  ohtaine*!  are  given  in 
\m  one  of  which  the  weighings  were  not  actually  niade  in 
[wens,  ticvertfveleas,  reduced  to  a  vacuum  standartl.  In  tli© 
1 1*  -  -  -  rr  oxide  and  copper  were  weighed  in  vacuo.  The 
[isiH  i'-4  the  corrected  weiglit'i  of  water  obtained  and  0 

the  \^hif?  found  for  the  atotnio  weight  of  oxygen 
1  he  weights  are  given  in  grammes. 
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First  Smes. 

m,  Waler, 

m.o. 

AL  m.  0. 

62.9S0 

55.950 

>5-9t7 

95.613 

84.924 

15,891 

94.523 

84.007 

>5.977 

35.401 

3J.46I 

Second  Series, 

15.970 
Mean,  15,939.  =fc  ,014 

WL  IVaier. 

m.o. 

Ai,  WL  0. 

41.664 

37.034 

15^996 

44089 

39-19$ 

I6.0IS 

sz^n^ 

47.321 

j6.oti 

5S«636 

49.460 

16,017 

Mean,  t6.ofo,  zb  .0036 


The  effect  of  discussing  these  two  series  separately  is  somewhat  start- 
ling. It  gives  to  the  four  experiments  in  Ertlmann  and  Marchand's 
second  group  a  weight  vastly  greater  than  their  other  four  and  Duma^' 
nineteen  taken  together.  For  so  great  a  superiority  as  this  there  is  no 
adequate  reason ;  and  it  is  liighly  prohalde  that  it  is  due  almost  entirely 
to  fortunate  coincidences,  rather  than  to  greater  accuracy  of  work.  We 
will,  therefore,  treat  Erdmanu  and  Marclmnd's  experiments  as  one  series* 
giving  all  equal  weight,  the  mean  now  becoming  O  =  15/J75,  ±  .0113* 
If  we  take  the  sum  of  the  eight  ex|>eriments,  483.137  grammes  water 
aTid  429.352  grammes  oxygen,  and  compute  from  these  figures,  then 
O  =  15.966. 

It  would  be  easy  to  point  out  the  sources  of  error  in  the  foregoing  sets 
of  <leLerminations,  but  it  is  hardly  worth  while  to  do  so  in  detail.  A  few 
leading  suggestions  are  enough  for  present  puqmsi>s.  First,  there  is  an 
ini^ignificant  error  due  to  the  occlusion  of  hydrogen  l»y  metallic  copper, 
rendering  the  apparent  weight  of  the  latter  a  trille  too  high.  Secondly, 
as  shown  by  Dittmar  and  Henderson,  hydrogen  dried  by  passage  tljrough 
sulphuric  acid  becomes  perceptibly  contaminated  with  sulphur  dioxide. 
In  the  third  place,  Morley'*^  has  found  that  hydrogen  prepared  from  zinc 
always  contain:^  carbon  compounds  not  removable  by  absorption  and 
washing.  Erdmann  and  Marchand  themselves  note  that  their  zinc  con^ 
tained  traces  of  carbon.  Finally,  copper  oxide,  esjK'cially  when  pre- 
pared by  the  ignition  of  the  nitrate,  is  very  apt  to  contain  gaseous  impuri- 
ties, and  particularly  occluded  nitrogen.!  Any  or  all  of  these  sciun^es  of 
error  may  have  vitiated  the  three  investigations  so  far  considered,  but  it 
wttuld  be  useless  to  speculate  as  to  the  extent  of  their  influence.     They 

•  Amcr,  Chem.  Joum.,  19, 469.    1890. 

t  See  Rkhards'  work  cited  to  the  chapter  on  copper. 
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iply  account,  however,  for  the  differences  between  the  older  and  the 

later  deli.^nninations  of  the  constant  under  discussion. 

I^*ftvin^  i»ut  of  account  all  measureiiientB  of  the  relative  densities  of 
hydrogen  and  oxygen,  to  be  considered  separately  later,  the  next  de^ 
lemiination  to  he  noted  is  that  published  by  J.  Thomsen  in  1870** 
tin  fortunately  this  chemist  has  not  [mblished  the  details  of  his  work, 
hut  only  the  end  results.  Partly  by  the  oxidation  of  hydrogen  over 
iieatt*<l  copper  oxide,  and  partly  by  its  direct  union  with  oxygen.  Thorn- 
ten  fimh  that  at  the  latitude  of  t'openha^'en,  and  at  soa  levels  one  litre  of 
dry  hydrogen  at  0**  and  760  nini.  pressure  will  form  .8041  gramme  of 
water.  According  to  Regnault,  at  this  latitude,  level,  temperature,  and 
prcddure.  a  litre  of  hydrogen  weighs  .08954  gramme.  From  these  data 
O  «  15.9G0O.  It  will  be  seen  at  once  that  Thoniscn's  work  dejiends  in 
great  part  upon  that  of  Hegnault,  and  is  therefore  subject  to  the  correc- 
tions recently  applied  by  Crafts  and  others  to  the  latter.  These  cor- 
i'  ^  which  will  be  discussed  further  on,  reduce  the  value  of  0  from 
i  u)  15.9L     In  order  to  comhine  this  value  with  others,  it  is  neces- 

sary lo  a88ign  it  weight  arbitrarily,  and  m  Thomsen  made  eight  experi- 
iii«nt««  which  are  said  to  be  concordant,  it  may  be  fair  to  rank  his 
deiennination  with  that  of  Erdmann  and  Marchand*  and  to  assume  for 
it  Ihe  same  probable  error.  The  value  15.91,  dr  .0113  will  therefore  be 
taken  as  the  outcome  of  Thomscn's  re^'iearch. 

In  1H87  Cooke  and  Kichanls  publisihed  the  results  of  their  elaborate 
hivestigation.t  These  chemists  weighed  hydrogen,  burned  it  over  copper 
oxide,  and  weighed  the  water  produced.  The  cojjper  oxide  was  prepared 
from  absolutely  pure  electrolytic  copper,  and  the  hydrogen  was  obtained 
fitim  Ibret?  tiistinet  sources,  as  follows  :  First,  from  pure  zinc  and  liydro- 
ehb»ric  add;  second,  by  electrolysis,  in  a  generator  containing  dilute 
hydrochloric  acid  and  zinc-mercury  amalgam ;  third,  by  the  action  of 
mastic  potash  solution  upon  sheet  aluminum.  The  gas  was  dried  and 
puritiod  hy  passage  through  a  system  of  tubes  and  towers  containing 
p4>taah,  calcium  chloride,  glass  beads  drenched  with  sulphuric  acid,  and 
I  f'us  pentoxide.     No  impurity  could  l>e  discoveretl  in  it,  and  even 

li.:     „      w?ys  sought  for  spectroscopically  without  being  found. 

The  hydrogen  was  weighed  in  a  glass  globe  holding  nearly  five  litres 
i  weighing  o70.5  gnvmmes,  which  was  counterpuided  by  a  second  globe 
exactly  the  same  external  volume,     Before  iilling,  the  glol>e  was  ex- 
hnuji^tecl  to  within  1  mm.  of  mercury  an<l  weighed.     It  w^as  then  filled 
'     Jen  and  weighed  again.     The  ditibrence  between  the  two 
fell!  -  the  weight  of  hydrogen  taken. 

Id  burning,  the  hydrogen  was  swept  from  the  globe  into  the  combus- 

famnce  hj' means  of  a  stream  of  air  which  had  previously  been 

over  hot  re^luced  copper  and  liot  cupric  oxide,  then  through  pota^sh 

•  Bcrictatc  d.  I>cutM:li.  Chcm.  Gcactt,  i^ja,  •.  gaSv 

t  ^roc*  Amcr.  Ac«4*,  3j,  M9'    Am.  Chem.  Journ..  lo,  8k 
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bulbs,  and  finally  through  a  system  of  driers  contiuning  succeflsiTdjr  i 
calcium  chloride,  sulphuric  acid,' and  phosphorus  pentbxide.    The  waUr*^ 
formed  by  the  combustion  was  collected  in  a  condensing  tube  connected  : 
with  a  U  tube  containing  phosphorus  pentoxide.    The  latter  was  fd- 
lowed  by  a  safety  tube  containing  either  calcium  chloride  or  phoephonif 
pentoxide,  added  to  the  apparatus  to  prevent  reflex  diffusion.    FoD  j 
details  as  to  the  arrangement  and  construction  of  the  apparatus  are  • 
given.    Hie  final  results  appear  iii  three  series,  representing  |the  three  J 
sources  from  which  the  hydrogen  was  obtained.    All  weights  are  c(»* 
rected  to  a  vacuum.  ,    ' 

•  First  Series. — Hydrogen  from  Zinc  and  Acid. 


Wt.of  H. 

WL  Hfi. 

,  AL  WL  0. 

.4233 

3.8048 

15.977 

.4136 

3.7094 

15.937 

.4213 

3.7834 

15.960 

.4163 

3.7345 

15.941 

.4131 

3.7085       • 

15.954 

Mean,  15.954, 1^.0048 
Second  Series. — Electrolytic  Hydrogen. 


.4112                    3.6930 

15.962                         1 

.4089                  3.6709 

15.955 

.4261                    3.8253 

15-955 

.4197                  3.7651 

15.942 

.4144                  3-7197 

• 

15.953 

Mean,  15-953,  ±  .0022             *| 

Third  Series. — Hydrogen  from 

Aluminum. 

.42205                       3.7865 

15.943 

.4284                        3.8436 

15.944 

.4205                        3.7776 

15.967 

.43205                       3.8748 

15.937 

.4153                        3.7281 

15.954 

.4167                        3.7435 

15.967 

Mean.  1595*.  ±.0635 
Mean  of  all  as  one  series,  15.953,  :b.0090 


Shortly  after  the  appearance  of  this  paper  by  Cooke  Bxxd- 
Lord  Rayleigh  pointed  out  the  fact,  already  noted  by 
a  glass  globe  when  exhausted  in  sensibly  condensed  bjr.tl^  j 
the  surrounding. atmosphere.     This  fact  involves  a  correctjon.tpLtl 
going  data,  due  to  a  change  in  tlie  tare  of  the  globe  a8ed|»i 
rection  was  promptly  determined  and  applied  by  the  aol 

: ■  it, 

♦  Proc.  Amer.  Acad.,  23,  182.    Am.  Chev   »-*«•- 
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W  Y.  of  H. 
.65100 
.60517 
.33733 

m.  of  Hp. 

S^Si777 
5  4«540 
3.00655 

At.  m.  a 

t5*S73 

15.897 

15,832 

Mean^  15.S64,  ±1.015 


careful  series  of  meaBurements  they  found  that  the  correction  amounted 
to  an  average  increase  of  1.98  milligrammes  to  the  weight  of  hydrogen 
laktm  in  ttach  experiment.  Hence  0  equals  not  15,953,  but  15.869,  the 
pruhable  error  remaining  unchanged.  The  final  result  of  Cooke  and 
RM^bll^da*  investigation,  therefore,  is 

O  —  15.869,  d=  .0020. 

Reiser's  determinations  of  the  atomic  weight  of  oxygen  were  puhlished 
rnlnios*!  simultaneously  with  Cooke  and  Richards'.  He  burned  bydrugen 
occluded  by  i)alludium,  and  woiglicd  the  water  so  formed.  In  a  pre- 
liminary paper*  the  following  results  are  given: 


t  Not  long  after  the  publication  of  the  foregoing  data  Keiser's  full  paper 
^^■M>p6Arotl.t  Palladium  foil,  warmed  to  a  temperature  of  250*,  was  j^atu. 
^Vilcid  with  hydrogen  prepared  from  dilute  .sulphuric  acid  and  zinc  free 
from  arsenic.  From  UX)  to  140  grammes  of  palladium  were  taken,  and 
it  wa«  first  proved  that  the  metal  did  not  ab^iorb  other  gasei?  which  might 
contaminate  the  hydrogen.  Before  charging,  the  foil  was  heated  to  brigh  t 
riiilntf^sa  in  vacuo.  After  charging,  the  tube  containing  the  palladium 
]  '  '  was  exhausted  by  means  of  a  Geis^ler  pump  to  remove  any 
ti  11  which  might  have  been  present.     In  the  preliminary  investiga- 

^on  cit^d  above,  the  latter  precaution  was  neglected,  which  may  account 
liir  the  low  results. 

Between  tlie  palladium  tulie  and  the  combustion  tube  a  U  tube  was 

inlerposeil,  containing  phosphorus  pentoxide.     This  was  to  determine 

ir*  amount  of  moigture  in  the  hydrogen.     The  combustion  tube  w*as 

Hod  with  granular  copper  oxide,  prepared  by  reducing  the  commercial 

xide  in  hydrogen,  heating  the  metal  so  obtained  to  bright  redness  in  a 

*ctium,  and  then  reoxidizing  with  pure  oxygen. 

Upon  warming  the  )>alladium  tube,  which  w*a.s  ilrat  carefully  weighed, 

1  :i  was  given  off  and  allowed  to  \iam  into  the  combustion  tul>e. 

V,  .,. ,,  .lie  greater  part  of  it  had  been  burned,  tlje  tube  was  cut  off  by 

tnisanii  of  a  utopcock  and  allowed  to  cool.     Meanwhile  a  stream  of  nitro- 

jfeu  wa»  pa«»c<l  through  the  combustion  tube,  sweej/ing  hydrogen  before 

ThlA  wa«  followed  by  a  current  of  oxygen,  reoxidizing  the  reduced 

;  and  the  copper  oxide  was  finally  cooled  In  a  stream  of  dry  air, 

.uritter  produced  by  the  combustion  was  collected  in  a  weighed  Imlb 

,  foUowtid  by  a  weighed  U  tube  containing  phosphorus  pentoxide. 


•Bffidile,  Ml  1373.    1S87. 
t  Atner.  Chein,  Joara.,  10. 149- 
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A  second  phosphorus  pentoxide  tube  served  to  prevent  the  sadlil 
of  moisture  from  the  external  air.  The  loss  in  weight  of  the  pil 
tube,  corrected  by  the  gain  in  weight  of  the  first  pho8()horus  p«| 
gave  the  weight  of  hydrogen  taken.  The  gain  in  weight  of  the  fi 
lecting  tubes  gave  the  weight  of  water  formed.  All  weights  in  thft 
ing  table  of  results  are  reduced  to  a  vacuum : 


'Lo/H. 

w.  //,a 

At.  m.  0. 

.34145 

3.06338 

15.943 

.68394 

6.14000 

15.955 

.65529 

5.88200 

15.952 

.65295 

5.86206 

15.954 

.66664 

5.981 16 

15.944 

.66647 

5-9«34i 

15.955 

.57967 

5.20493 

15.958 

.66254 

5.9475« 

15.952 

.87770 

7.«6775 

15.950 

.77215 

6.93036 

15.951 

Mean,  15.9514,  d=.ooil 

In  sum,  6.55880  grammes  of  hydrogen  gave  52.30383  of  water,  1 
O  =  15.9492. 

In  March,  1889,  Lord  Rayleigh  *  published  a  few  determination! 
atomic  weight  of  oxygen  obtained  by  still  a  new  method.  Pure  hy 
and  pure  oxygen  were  both  weighed  in  glass  globes.  From  th« 
passed  into  a  mixing  chamber,  and  thence  into  a  eudiometer,  whai 
were  gradually  exploded  by  a  series  of  electric  sparks.  After  ez] 
the  residual  gas  remaining  in  the  eudiometer  was  determined  and 
ured.  The  results,  given  without  weighings  or  explicit  details, 
follows : 

15.93 
15.98 
15.98 
15.93 
15.92 


Mean,  15.948,  rh  .009 

Correcting  this  result  for  shrinkage  of  the  globes  and  oonsequenti 
of  tare,  it  becomes  O  =  15.89,  dz  .009. 

In  the  same  month  that  Lord  Rayleigh 's  paper  appeared,  Noyof 
lished  his  first  series  of  determinations.     His  plan  was  to  pass  hjl 
into  an  apparatus  containing  hot  copper  oxide,  condensing  til| 
formed  in  the  same  apparatus,  and  from  the  gain  in  weight  <tf 
getting  the  weight  of  the  hydrogen  absorbed.    The  appaiatttB  d 

•  Proc.  Roy.  Soc..  45,  425. 

t  Amer.  Chem.  Journ.,  ix,  155.    1889. 
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this  )mrpO60  consisted  essentially  of  a  glass  bulb  of  30  to  »S0  cc.  capacity, 
with  a  sto[)cock  tube  on  one  tiiilo  ami  a  sealed  cnntlensing  tube  on  tlie 
other.  In  weigliiug,  it  was  ooiititt*r[»uiseil  by  another  apparatus*  of  nearly 
the  same  vol  tune  but  somewhat  less  weighty  in  order  to  olniate  recUic- 
tiiiim  to  a  vai'uunu  After  filling  the  hullj  with  commercial  oopperoxifle 
(lH}t4»  i'>(>  graiiune>i).  tlie  api>aratiis  was  heated  in  an  airbatli,  exhausted 
by  nicaiiB  of  a  Sprengel  pump,  cooled,  and  weighed.  It  was  next  re- 
placed in  the  airbnth.  again  heated,  and  connected  with  ara  apparatus 

eliverinji:  purified  hydrogen.  When  a  suilalile  amounl  of  the  latter  had 
been  admitted,  the  stopcock  was  closed,  amJ  tlie  heating  continued  long 
enougli  to  convert  all  gaseous  hydrogen  within  it  into  water.  The  appa- 
ratu.i  Wiuj  then  cooletl  and  weiglied,  after  wliich  it  wa^s  connected  with  a 
SprfUgi'l  pump,  in  order  U)  extract  thermal]  quantity  of  nitrogen  which 
rwa-'^  always  present.  Tiie  latter  was  pUTn|>e<l  out  into  a  eudiometer, 
where  it  was  measured  and  examined.     The  gain  in  weight  of  the  appa- 

^tut»,  less  the  weight  of  this  very  slight  impurity,  gave  the  weight  of 

ly<irogen  oxidized. 

Tho  next  step  in  the  process  consisted  in  heating  the  apparatus  to  expel 

^ater«  and  weighing  ai^ain.     After  this,  pure  oxygen  was  admitted  and 

lie  heating  was  resuniL**!,  so  as  to  oxidize  the  traces  of  hydrogen  which 

hiui  been  retained  by  the  copper.     Again  the  apparatus  won  cooled  and 

leighed,  and  then  reheated,  when  the  water  formed  was  received  in  a 
bulb  filled  witli  phosphorus  pentoxide,  and  tbe  gjuseous  contents  were 
eollected  in  a  eudiometer.     On  cooling  and  weighing  the  apparatus,  the 

9^  of  weight,  less  the  weight  of  gases  ]Himped  ont,  gave  the  amount  of 

i.t<»r  pniduced  by  the  traces  of  residual  liyilrogcn  under  consideration. 
This  weight,  adde<l  to  the  loss  of  weight  when  the  original  water  was 
expvUi'd,  gives  the  weiglit  of  oxygen  taken  away  from  the  cop^>er  oxide. 
Uaving  thus  the  weight  of  hydrogen  and  the  weight  of  oxygen,  the 
oraic  weight  sought  for  fallows.     Six  results  are  given,  but  as  they  are 

^p€*alel«  with  corrections^  in  Noyes'  second  pajier,  they  need  not  be 

^futdered  now. 

L  Kova**"'  methotls  w*ere  almost  immediately  criticised  bv  Johnson  *  who 
iited  several  sources  of  error.  This  chemist  had  already  shown  in 
I  aiirUer  |>apert  that  cojjper  reduced  in  hydrogen  persistently  retains 
1  of  ihr  latter,  an*!  also  that  when  the  reduction  is  effected  below 
%  iniU»r  is  fetiiined  loo.  The  possil>le  presence  of  suljihur  in  the 
©opper  oxide  wa;s  furthermore  mentioned.  Errors  from  these  sources 
would  lend  Ut  make  tlie  apparent  atumic  weight  of  oxygen  too  low. 

In  his  !§ix*ond  [)a[»ert  Noyes  re[>lies  to  the  fore^^oing  criticisms,  and 
fhuws  that  they  ciuTy  no  weight,  at  leasi  so  far  as  his  work  is  concerned. 
|He  also  describes  a  number  of  experiments  in  which  oxides  other  than 

LipjHtr  axid«>  were  trictl,  but  without  distinct  success,  and  he  gives  fuUer 

•Chcm.  Xtw»,  59.  »7* 

♦  Jowrn.  Chcm.  Soc,,  May,  1879. 

:  Aiuer.  Chcm,  Joiirti..  i».  441.    1690. 
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details  as  to  manipulations  and  materials.    His  final  results  are^ 
series,  as  follows : 


First  Series,— 

'Hydrogen  from  Zinc 

and  Hydrochloi-ic  Add. 

Wt.  of  H, 

Wt.  of  0. 

At.  m.  0. 

•9443 

7.5000 

15.885 

.6744 

5.3555 

15.882 

.7866 

6.2569 

15.909 

.5521 

4.3903 

15.904 

.4274 

3.3997 

15.909 

.8265 

6.5686 

15.895 

Mean,  15.8973,  ±:  .003^^^ 

This  series  appeared  in  the  earlier  paper,  but  with  an  error  wbl 
here  corrected.  ** 

Second  Series. — Electrolytic  Hydrogen,  Dried  by  Phosphorus  Pentom 

Wt.  of  H.  Wt.  of  a  At.  Wt,  O, 

.5044  4.0095  15.898                 * 

.6325  5.0385  15932 

.6349  S.0517  15.913                 ! 

.5564  4.4175  15.879                 ^ 

.7335  5.8224  15.876 

.6696  5.3181  15.885 

Mean,  15.8971,  ±.  .oo64.r> 

Third  Series, — Electrolytic  Hydrogen,  Dried  by  Passage  Through  a^- 

Packed  mith  Sodium  Wire. 

Wt.  of  H,  Wt.  of  O.  At.  Wt.  O. 

.9323  7.4077  15-891 

.9952  7.9045  15885 

.3268  2.5977  15.898 

.7907  6.2798  15.884 

.7762  6.1671  15.891 

1.1221  8.9131  15.887 

Mean,  15.8893,  dr  .0014 

At  the  end  of  this  series  it  was  found  that  the  hydrogen  contaii 
trace  of  water,  estimated  to  be  equivalent  to  an  excess  of  three  ] 
grammes  in  the  total  h3''drogen  of  the  six  experiments.  CorrectiB 
this,  the  mean  becomes  O  =  1.5.899. 

Fourth  Series, — Electrolytic  Hydrogen,  Dried  over  Freshly  Sublimed  , 

phorus  Pentoxide, 

Wt.  of  H,  Wt.  of  O.  At   Wt,  O, 

1.0444  8.3017  15.898 

.7704  6.1233  15.896 

.S231  6.5421  15.896 

.8S72  7.0490  15.890 

.9993  7.9403  15.892 

1. 1910  9.4595  15.885        ^ 

Mean,  15.8919,  d: .« 
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The  mean  of  all  the  twenty-four  determinations,  taken  as  one  series, 
with  the  correction  to  the  third  series  included,  is  O  =  15.8966,  ±  .0017. 
In  sum,  there  were  consumed  18.5983  grammes  of  hydrogen  and  147.8145 
of  oxygen ;  whence  0  =  15.8955. 

Dittmar  and  Henderson,*  who  effected  the  synthesis  of  water  over 
copper  oxide  by  what  was  essentially  the  old  method,  begin  their  memoir 
with  an  exhaustive  criticism  of  the  work  done  by  Dumas  and  by  Erd- 
mann  and  Marchand.  They  show,  as  I  have  already  mentioned,  that 
hydrogen  dried  by  .sulphuric  acid  becomes  contaminated  with  sulphur 
dioxide,  and  also  that  a  gas  passed  over  calcium  chloride  may  still  retain 
as  much  as  one  milligramme  of  water  per  litre.  Fused  caustic  potash 
they  found  to  dry  a  gas  quite  completely. 

In  their  first  series  of  syntheses,  Dittmar  and  Henderson  generated 
their  hydrogen  from  zinc  and  acid,  sometimes  hydrochloric  and  some- 
times sulphuric,  and  dried  it  by  passage,  first  through  cotton  wool,  then 
through  vitriol ed  pumice,  then  over  red-hot  metallic  copper  to  remove 
oxygen.  In  later  experiments  it  first  traversed  a  column  of  fragments 
of  caustic  soda  to  remove  antimony  derived  from  the  zinc.  The  oxide 
of  copper  used  was  prepared  by  heating  chemically  pure  copper  clip- 
pings in  a  muffle,  and  was  practically  free  from  sulphur.  In  weighing 
the  several  portions  of  apparatus  it  was  tared  with  somewhat  lighter 
similar  pieces  of  as  nearly  as  possible  the  same  displacement.  The  re- 
sult-^ of  this  series  of  experiments,  which  are  vitiated  by  the  presence, 
unsu.^pectod  at  first,  of  sulphur  dioxide  in  the  hydrooren,  are  stated  in 
value?^  of  H  when  O  =  10,  but  in  the  following  table  have  been  recalcu- 
lated to  the  usual  unit : 


m.  of  Water, 

\Vt.  of  0. 

Al.  Wt.  0. 

4.7980 

4.26195 

15.901 

7.55025 

6.71315 

16.039 

6.2372 

5-53935 

15.875 

11.29325 

10.03585 

15963 

11.6728 

10.3715 

15.940 

ii.«433 

10.5256 

15.976 

".73»7 

10.4243 

15.947 

19.2404 

17.0926 

15.916 

20.83435 

18.5234 

16.031 

17.40235 

15.4598 

15-917 

19.2631 

17.11485 

15-934 

Mean,  15.949,1^.0103. 

Reducing  to  a  vacuum,  this  becomes  15.'S43,  whilt*  a  correction  for  the 
sulphur  dioxide  estimated  to  be  ])resent  in  the  hydro<ren  brint^s  the  value 

•Proc.  Roy.  Soc.  Glasgow,  22.  33.    Communicated  Dec.  17,  1S90. 
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up  again  to  15.865.  Still  another  correction  is  suggested,  name^ 
as  the  reduced  copper  in  the  comb'  stion  tube,  before  weighing,  i 
posed  to  a  long-continued  current  (  f  (Jr^  air,  it  may  have  taken  up 
of  oxygen  chemically,  thereby  increasing  its  weight.  As  this  cons 
however,  is  quantitatively  uncertain,  it  may  be  neglected  here,  ai 
result  of  this  series  will  be  taken  as  O  =  15.865,  db  .0103.  Its  i 
relatively  to  some  other  series  of  experiments,  is  evidently  small. 
In  their  second  and  final  series  Dittmar  and  Henderson  dri« 
hydrogen,  after  deoxidation  by  red-hot  copper,  over  caustic  petal 
subsequently  phosphorus  pentoxide.  The  copper  oxide  and  co| 
the  combustion  tube  were  both  weighed  in  vacuo.  ITie  results  i 
follows,  vacuum  weights  being  given : 


m.  Water, 

WL  0, 

At.  WL  0. 

19.2057 

17.0530 

15.843 

19.52" 

17.3342 

[15.853] 

19.4672 

17.2882 

15.868 

22.9272 

20.3540 

15.820 

23.0080 

20.4421 

[15.934J 

23.4951 

20.8639 

15.859 

23.5612 

20.9226 

['5.859] 

23.7542 

21.0957 

15.870 

23.6568 

21.8994 

15.884 

23.6179 

21.8593 

15.848 

24.6021 

21.8499 

15.878 

24.3047 

21.5788 

15.832 

23.6172 

20.9709 

15.849 
Mean,  15.861,  ±.0051. 

The  authors  reject  the  three  bracketed  determinations,  becft 
irregularities  in  the  course  of  the  experiments.  The  mean  of  ll 
remaining  determinations  is  15.855,  ±:  .0044.  Both  means,  h<r 
have  to  be  corrected  for  the  minute  trace  of  hydrogen  occluded  1 
reduced  copper.  This  correction,  experimentally  measured,  amoc 
+  .006.  Hence  the  mean  of  all  the  experiments  in  the  series  bfl 
15.867,  ±  .0052,  and  of  the  ten  accepted  experiments,  15.861,  ± 
The  authors  themselves  select  out  seven  experiments,  giving  a  cd 
mean  of  15.866,  which  they  regard  as  the  best  value.  Taking  all 
evidence,  their  two  series  combine  thus : 

First  series 15.865,    ±.0103 

Second  series >5-867,    d:  .0052 

General  mean 15.8667,  d=  .0046 

Leduc,*  who  also  effected  the  synthesis  of  water  over  copptf ' 

*  Compt.  Rend.,  1x5,  41.    1892.  ^ 
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following  Dumas'  method  with  slight  modifications,  gives  the  results  of 
only  two  experiments,  as  follow^:   ^^ 

»7.  IVal^.  \m}0.  At.  WL  O, 

22.1632  19.6844  15.882 

19.7403  17.5323  15-880 

Mean,  15.881 

These  experiments  we  may  arbitrarily  assign  equal  weight  with  two 

in  Dittmar  and   Henderson's  later  series,  when   the  result  becomes 

15.S81,  ±  .0132,  the  value  to  be  accepted.     Leduc  states  that  his  copper 

oxide,  which  was  reduced  at  as  low  a  temperature  as  possible,  was  pre- 

[tarwl  by  heating  clippings  of  electrolytic  copper  in  a  stream  of  oxygen. 

To  E.  W.  Morlcy  *  we  owe  the  first  complete  quantitative  syntheses  of 

water,  in  which  both  gases  were  weighed  separately,  and  afterwards  in 

omibination.     The  hydrogen  was  weighed  in  palladium,  as  was  done  by 

Keiser,  and  the  oxygen  was  weighed  in  compensated  globes,  after  the 

manner  of  Regnault.     The  globes  were  contained  in  an  artificial  *'  cave," 

t*) protect  them  from  moisture  and  from  changes  of  temperature;  being 

»)  arranged  that  they  could  be  weighed  by  the  method  of  reversals  with- 

i     outojwning  either  the  "  cave  "  or  the  balance  case.     For  each  weighing 

►     of  hydrogen  about  600  grammes  of  palladium  were  employed.     After 

weighinir,  the  gases  were  burnt  by  means  of  electric  sparks  in  a  suitable 

apparatus,  from  which  the  unburned  residue  could  be  withdrawn  for 

examination.     Finally,  the  apparatus  coutaininjr  the  water  ])roduced  was 

cl'jsed  by  fusion  and  also  weighed.     Rubber  joints  were  avoided  in  the 

oun.<raction  of  the  apparatus,  and  the  connections  were  continuous 

throughout.     The  weights  are  as  follows : 


H  taken 

0  taken. 

H-iP  formed. 

32645 

25.9'76 

29.1788 

3.2559 

25.8531 

29.1052 

3.«i93 

30.3210 

34.1389 

3.8450 

30.5294 

Lost 

3.8382 

30.4700 

34.3151 

3.8523 

30.5818 

34.4327 

3.8298 

30.4013 

34.2284 

3.8286 

30. 3966 

34.2261 

3.8225 

30.3497 

34  1742 

3.8220 

30.3479 

34.1743 

37637 

29.8865 

33.6540 

3-821 I 

30.3429 

34. » 559 

'■'Onthe  Den&ity  of  Oxygen  and  Hydrogen,  and  on  the  Ratio  of  their  Atomic  Weights,"  by 
Edward  W.  Morley.  Smithsonian  Contributions  to  Knowledge,  1S95,  4to.  xi  +  ii7PP-.  40  cuts. 
A^ractin  Am.  Chcm.  Journ.,  17,  267  (gravimetric),  and  Ztschr.  Phys.  Chem.,  17,  87  ( gaseous  den si- 
^):alao  note  in  Am.  Chem.  Journ.,  17,  396.  Preliminary  notice  in  Proc.  Amer.  Association, 
i*9i.  pL  % 
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Hence  we  have — 


H.O  Ratio 

15^878 
15.881 

15.878 
15.S80 

15^877 
15S77 
15.877 
15.878 
15.S79 
i5.8St 
15.881 
15.882 

Mean,  15.8792,  rh  .00032 
Combined,  these  data  give: 

From  ralio  H, :  O  . 

General  mean., ,  . 


HiHfiRuHo. 

X7.S7S 
17^873 

17.881 
17.S76 
17.875 
17.879 
17.881 
17.S83 
17.SS5 
17.878 


Mcan»  17.8785,  dr  .00066 


0  ^  15.8792,  ±:  .0003a 
O  =-  15*8785^  ±  .00066 


O  -  15-8790,  dr  -OOozS 


For  dotiiils,  Morley's  full  paper  must  l*e  consulted.     No  abstract  Cfl 
do  justice  to  the  remarkable  work  therein  recorded. 

Two  other  series  of  determinatioa'?,  by  Juliu-i  Thornaen,  remain  to 
nuticcd.  Ill  the  ejirlier  paper*  he  detennined  the  ratiu  between  H( 
and  NII5,  and  thence,  using  Sta:^'  values  for  CI  and  N,  tixed  by  referent 
to  0  =  l(i,  computed  the  ratio  H  :  O.  This  method  was  ao  indirect  as  1 
r  be  of  little  imiivirtaiice,  and  gave  fi>r  the  atomic  weight  of  oxygen  approji 
-  mately  the  round  numl>er  16.  I  shall  use  the  data  farther  on  in  ciii 
eulating  the  atomic  weight  of  nitrogen.  The  paper  has  been  sulBcientl| 
criticised  by  Meyer  and  8eubert,t  vvho  have  diHeuiiaed  its  sources  of  errn 
In  Thomson's  later  paper  J  a  methtyd  of  determination  ia  clescribc 
which  ia,  like  the  preceding,  quite  novel,  but  more  direct  First,  aW 
minnm,  in  weighed  quantities,  was  dia*3olved  in  caut^tic  putash  8olutiu| 
In  one  set  of  experifnents  the  a[>paratus  was  so  constructed  that  tt 
hydrogen  evolved  wa^  dried  antl  then  expelled.  The  Iosb  of  weight^ 
the  apparatus  pive  the  weight  of  the  hydrogen  so  liberated.  In  tfc 
second  set  t»r  experiments  the  hydrogen  pa.ssed  into  a  comhusti< 
chamber  in  which  it  was  burned  with  oxygen,  the  water  lieing  retain^ 
The  increiise  in  weight  of  this  apparatus  gave  the  weight  of  oxygen 
taken  up.  The  two  series,  reduced  to  the  standard  of  a  unit  weight  y 
aluniinum,  gave  the  ratio  between  oxygen  and  hydrogen^ 

•ZejtBch.  Phyiiik«l.  Chcm.,  15, 398.    1894, 

fBcr.,  »7,  3770, 

\  3^eiUch.  Aiiorg.  Cheiu.,  :i.  14.    1895, 
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The  results  of  the  two  series,  reduced  to  a  vacuum  and  stated  as  ratios, 
le  as  follows : 

First.  Second. 

Weight  of  H  Weight  of  O 

Weight  of  Al*  Weight  of  Al' 

0.11180  0.88788 

0.1 1 175  0.88799 

0.11194  0.88774 

o.  11205  0.88779 

0.1 I 189  0.88785 

0.1 I 200  0.88789 

0.1 I 194  C.88798 

0.11175  0.88787 

0.1 1 190  0.88773 

0.11182  0.88798 

0.1 1204  0.88785 

0.1 1202  

0.11204  0.88787,^=0.000018 

0.1 I 179 

0.11178 

0.1 I 202 

0.1 1 188 

0.1 1 186 

0.11185 

0.11190 

0.1 I 187 

0.1 1 190,  ±:  0.000015 

I^ividinj?  the  mean  of  the  second  column  by  the  mean  of  the  first,  we 
^^^  for  the  equivalent  of  oxygen  : 

o  88787,  rhO.OOOOJj  ^  ^  ^^,^ 

O.I  1 190,  ±10.000015 
Hence  0  =  15.8690,  ±:  0.0022. 

Thedetails  of  the  investigation  are  somewhat  complicated,  and  involve 

^oup  corrections  which  need  not  be  considered  here.     The  result  as 

*t<rd  includes  all  corrections  and  is  evidently  good.     The  ratios,  how- 

'Cr,  cannot  be  reversed  and  used  for  measuring  the  atomic  weight  of 

^minum,  because  the  metal  employed  was  not  absolutely  pure. 

We  have  now  before  us,  representing  syntheses  of  water,  thirteen  series, 

«Wlow8: 

Dnlong  and  Berzelius O  =  15. 894,    :±:  .057 

Drnnas 1 5.9607,  ±1  .0070 

Erdmann  and  Marchand 15975,    ^=0113 

Thomteoy  iS/a i5-9',      ±.0113 

CoolwMlt^ 15-869,     4r.0020 

Kdscr.  «  15.^64,    1^.015 

**  15.95M,  rh.OOII 
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Rayleigh 15.89,      db  .oog 

-Noyes 15.8966,  d=  .0017 

Dittmar  and  Flenderson 15.8667,  ±  .0046 

Leduc 15.881,    ±3.0132 

Morley 15.8790.  d=  .00028 

Thomsen,  1895 15.8690,  rh  .0022 

General  mean O  =r  15.8837,  d=  .00026 

Rejecting  Keiser 15.8796,  ±z  .00027 

If  we  reject  all  except  the  cletcrminations  of  Cooke  and  Richard.s,  Ray- 
leigh, Noyes,  Dittmar  and  Henderson,  I^duc,  Thomsen,  and  Morley.  the 
general  mean  of  these  becomes  15.8794,  dz  .00027.  From  thi.s  it  is  evi- 
dent that  Reiser's  determinations  alone,  among  the  higher  values  for  0, 
carry  any  ai)precial)le  weight;  and  it  also  seems  clear  that  tlie  rounded- 
off  number,  O  =  15.88,  zt  .CX)03,  cannot  be  very  far  from  the  truth :  at 
least  so  far  as  the  synthetic  evidence  goes. 


In  discussing  the  relative  densities  of  oxygen  and  hydrogen  gases  we 
need  consider  only  the  more  modern  determinations,  beginning  with 
those  of  Dumas  and  Boussingault.  As  the  older  work  has  some  his- 
torical value,  I  may  in  i)assing  just  cite  its  results.  For  the  density  of 
hydrogen  we  have  .0709,  Lavoisier;  .0693,  Thomson;  .092,  Cavendish; 
.0732,  Biot  and  Arago;  .0088,  Dulong  and  Berzelius.  For  oxygen  there 
are  the  following  determinations:  1.087,  Fourcroy,  Vauquelin,  and  Se- 
guin ;  1.103,  Kirwan ;  1.128,  Davy ;  1,088,  Allen  and  Pepys ;  1.1036.  Biot 
and  Arago;  1.1117,  Thomson;  1.1056,  DeSaussure;  1.1026,  Dulong  and 
Berz^elius;  1.106,  BufT;  1.1052,  Wrede.* 

In  1841  Dumas  and  Boussingault  f  published  their  determinations  of 
gaseous  densities.  For  hydrogen  they  obtained  values  ranging  from  .0691 
to.0(>95;  but  beyond  this  mere  statement  they  give  no  details.  For 
oxygen  three  determinations  were  made,  with  the  following  results: 

>.»o55 
1. 1058 
1. 1057 


Mean,  1. 10567,  ±  .00006 

If  we  take,  the  two  extreme  values  given  above  for  hydrogen,  and  re- 
gard them  as  the  entire  series,  they  give  us  a  mean  of  .0693,  ±  .00013. 
This  mean  hydrogen  value,  combine<l  with  the  mean  for  oxygen,  gives 
for  the  latter,  when  H  =  1,  the  density  ratio  15.95:^8,  =b  .031. 

Kegnault's  researches,  published  four  years  lat^r,  J  were  much  more 

•  For  Wrcflc's  work,  flcc  Ucrzcliiis'  Jahresberichl  for  1S43.  For  Dulong  and  Berxelius,  »ee  the 
paper  alrcaily  citcil.  All  the  other  determinations  arc  taken  from  Gmelin's  Handbook.  Capcn- 
dish  edition,  v.  1,  p.  279. 

tCompt.  Rend.,  12,  1005.    Compare  alao  with  Dumas,  Compt.  Rend.,  14,  537. 

^Compt.  Rend.,  20.  975. 
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fclr«itcljr  execatcd.     Indeed,  tliey  have  long  stood  among  the  classics 
i1  d  it  is  only  recently  that  they  have  been  sup- 

,  _.  irement**, 

for  bydrogen  three  determinatians  nf  density  gave  the  following 
'fvctts: 

.06923 

.06924 
Mesn,  ,o69263»  -tr  .ooootQ 

FnfHiyict*!!  fuur  ilokrrnunMtioiis  were  made,  l>ut  in  llie  lirat  one  tlie 

pitas  miitiiminated  by  traces  of  hydrogen,  and  the  value  olitaiiieil, 

%  thereroro,  rejected  by  Regnault  as  too  low*    The  other  three 

1. 1056 1 
1.10564 
MO565 

M<:«M,  1.105633,  ±  .000008 

!f^ff,  fomliining  the  hydrogen  and  oxygen  series,  we  have  the  ratio 
Kx9G2f*,  It  .0044.    According  to  Le  Conte  *  Regnault's  red  11  c- 
'    1  '  I  111  errors,  which^  corrected » give  for  the  density 

-  r  hydrogen,  ,0(392Glh     liatio.  1  :  iri.lMilL 

'veigb tier  correction  to  Regnault's  data  ha»  already  been  iu- 
f^^o  rltJ.Mi-'^ion  of  Cooke  and  RiehardgNvork.     He  as^siinied 
'     ih  ulii  !i  the  ga«e8  were  wuighe<l  underwent  no  changes 
oe,  but  Aga!nennone,t  and  al\er  him,  but  inde|»endently4  Lord 
"'*d  that  an  cxluinstiHl  vt^i*cl  wns  pereef>tiljly  comfires^ed 
jin!s^.*?ure.     Hence  it«  volume  when  empty  was  less  than 
n  fillcil  with  gais.     Crafts,  having  access  to   RegnauU's 
..^.j  ...Uits,  htM  detcmiined  the  magnitude  of  the  correction  indi- 
UnffirtTinately,  the  globe  actually  used  by  Reg!iault  had  been 
,>  I  r  of  the  same  lot  was  availaiile.     Witli  this 

^  luring  exluia*;tion  was  nieasured,  and  Hog- 
^•aIi^s  lietiidiieai  wert  thereby  changed  to  1.10-W2  for  oxygen,  and 
•^^•^  for  i  '  u.  C^irriM'ted  ratio,  1  :  15,0105.  Doubtless  Duuiag 
^<»J  BoU9<  datA  ari'  subject  Uy  a  similar  correction^  and  if  we 

^Ibat  il  U  proporiionaUy  the  same  in  amount,  the  ratio  derived 
ilbdrexperiiii'        '  '    1 :  15.9015. 

I^Bi^tam^  pfipt  11  contained  the  discovery  of  this  correc- 

I  gixegt  a  short  scries  of  measurernentti  of  his  uwn. 


■UooL    6«r  ftliQ  PSiiL  lia^  UU  ^.  a9>  i^«  ati<l  Smithaotiijia  Report,  %B7^ 


,  aUk  it^Jt^ 
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His  hydrogen  was  prepared  from  zinc  and  sulphuric  acid,  and  was  puri- 
fied by  passage  over  liquid  potash,  then  through  powdered  mercuric 
chloride,  and  then  through  pulverized  solid  potash.  It  was  dried  by 
means  of  phosphorus  pentoxide.  His  oxygen  was  derived  partly  from 
potassium  chlorate,  and  partly  from  the  mixed  chlorates  of  sodium  and 
potassium.     Equal  volumes  of  the  two  gases  weighed  as  follows  : 


.15811 
.15807 
.15798 
.15792 


2.5186,  ±z  .00061* 


Mean,  .15802,  ±  000029. 

Corrected  for  shrinkage  of  the  exhausted  globe  these  become — H, 
0.15860 ;  O,  2.5192.     Hence  the  ratio  1  :  15.884,  dz  .0048. 

In  1892  Rayleigh  published  a  much  more  elaborate  determination  of 
this  ratio.f  The  gases  were  prepared  electroly tically  from  caustic  potash , 
and  dried  by  means  of  solid  potash  and  phosphorus-  pentoxide.  The 
hydrogen  was  previously  passed  over  hot  copper.  The  experiments, 
stated  like  the  previous  series,  are  in  five  groups  ;  two  for  ox3^gen  and 
three  for  hydrogen ;  but  for  present  purposes  the  similar  sets  may  be 
regarded  as  equal  in  weight,  and  so  discussable  together.  The  weiglits 
of  equal  volumes  are  as  "follows: 


H, 

f  .15807 
.15816 
.15811 
.15803 
.15801 
.15809 
.15800 
.15820 
.15792 
.15788 

.15783 
.15807 
.15^01 
.i58'7 
Third  set   .I5790 

Mean,  .15804  ^    ''^S^o 
.I579« 


First  set 
Mean,  .1580S 


Second  set 
Mean,  .15797 


Mean, 


0, 

2.5182  ^ 

2.5173 

2.'5I72 

First  set. 

2.5193 

Mean,  2.51785 

2.5174 

2.5177 . 

2.5'83  1 

2.5168 

.Second  set. 

25172 
2.5181 

Mean,  2.5172. 

2.5156 

2.5176, 

±  .00019. 

15802 

I  .15807 

Mean,  .15804,  dr  .OOOOI9. 


*  Arbitrarily  assigned  the  probable  error  of  a  single  experiment  in  Rayleigh'a  paper  of  189a. 
t  Proc.  Roy.  Soc,  50,  448,  Feb.  18, 1892. 
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Th«»e  weights  with  various  corrections  relative  to  temperatures  and 
prei^ares,  and  also  for  the  compression  of  the  exhausted  globe,  ulti- 
mately become  for  H,  .158531 ;  and  for  O,  2.51777.  Hence  the  ratio 
1  :  15.882,  ±:  .0023.  For  details  relative  to  corrections  the  original 
memoir  should  be  consulted. 

In  his  paper  '*  On  a  new  method  of  determining  gas  densities,"  *  Cooke 
jri^es  three  measurements  for  hydrogen,  referred  to  air  as  unity.  They 
aire: 

.06957 
.06951 
.06966 


Mean,  .06958,  zh  .000029 

Combining  this  with  Regnault's  density  for  oxygen,  as  corrected  by 
Crafb.  1.10562,  ±  .000008,  we  get  the  ratio  H  :  O  :  :  1 :  15.890,  ih  .0067. 

Leduc,  working  by  Regnault's  method,  somewhat  modified,  and  cor- 
fccting  for  shrinkage  of  exhausted  globes,  gives  the  following  densities :  f 

//.  O, 

.06947  1.10501 

.06949  1. 105 16 
.06947 


Mean,  .06948,  ih  .00006745 

^^ie  tv.)  oxygen  measurements  are  the  extremes  of  three,  the  mean 
'•^in?  I.ia3(36,'d:  .0000337.     Hence  the  ratio  1 :  15.90.'),  ±  .0154. 

The  rtr.'it  two  hydrogen  determinations  were  made  with  gas  produced 
".^ the  electrolysis  of  caustic  potash,  while  the  third  sample  was  derived 
^^^  zinc  and  sulphuric  acid.  The  oxygen  was  electrolytic.  Both  gases 
*«ft  \Kmed  over  red-hot  platinum  sponge,  and  dried  by  phosphorus 
Ntoxi^le. 

Much  more  elaborate  determinations  of  the  two  gaseous  densities  are 
^^'^^  made  by  Morley.  J  For  oxygen  he  gives  three  series  of  data ;  two 
*'lh  oxygen  from  potassium  chlorate,  and  one  with  gas  partly  from  the 
^^iieiiouree  and  partly  electrolytic.  In  the  first  series,  temperature  and 
pPWjjure  were  measured  with  a  mercurial  thermometer  and  a  mano- 
"*'^nieter.  In  the  second  series  they  were  not  determined  for  each 
*^periment,  but  were  fixed  by  comparison  with  a  standard  volume  of 
Mrogen  by  means  of  a  differential  manometer.  In  the  third  series  the 
P^waskept  at  the  temperature  of  melting  ice,  and  the  mano-barometer 

*Proe.  Amer.  AcmL,  34,  ao3.    1889.    Also  Am.  Chcm.  Journ.,  11,  509. 

tGoo^t.  Xcad.,  ti3, 186.    1891. 

IF^ptrailndi  iBlHiit  MMdcr  tlic  gravimetric  portion  of  this  chapter. 
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] 


alone  was  read.    The  results  for  the  weight  in  grammes,  at  latit 
of  one  litre  of  oxygen  are  as  follows : 


Firsl  Series. 

Second  Series, 

Third  Series, 

1.42864 

1.42952 

1.42920 

1.42849 

1.42900 

1.42860 

1.42838 

1.42863 

1.42906 

1.42900 

1.42853 

'.42957 

1.42907 

1.42858 

1.42910 

1.42887 

1.42873 

1.42930 

1.4287 1 

1. 429 1 3 

1.42945 

1.42872 

1.42905 

'.42932 

1.42883 

1.42896 
1.42880 

1.42908 
1.42910 

Mean,  1.42875,  =b  .000051 

1.42874 

1.4295 1 

Corrected,*  1.42879,  rt  .000051 

1.42878 
1.42872 
1.42859 
1.4285 1 

'.42933 
1.42905 
1.42914 
1.42849 
1.42894 

Mean, 

,   1.42882,  dSz 

.000048 

1.42886 

Corrected, 

,  1.42887,  rh 

.000048 

Mean,  1. 4291 2,  d=.Oi 
Conected,  1.429 17,  d-  -O 

General  mean  of  all  three  series,  1.42896,  ±  .000028. 

Morley  himself,  for  experimental  reasons,  prefers  the  last  seri« 
gives  it  double  weight,  getting  a  mean  density  of  1.42900.    The 
ence  between  this  mean  and  that  given  above  is  insignificant  wM 
erence  to  the  atomic  weight  problem. 

In  the  case  of  hydrogen,  Morley's  determinations  fall  into  two  g 
but  in  both  the  gas  was  prepared  by  the  electrolysis  of  pure  dila 
phuric  acid,  and  was  most  elaborately  purified.  In  the  first  groa] 
are  two  series  of  measurements.  Of  these,  the  first  involved  the  n 
of  temperature  and  pressure  by  means  of  a  mercurial  thermomoti 
mano-barometer.  In  the  second  series,  the  gas  was  delivered  in 
weighing  globes  after  occlusion  in  palladium ;  it  was  then  kept 
temperature  of  melting  ice,  and  only  the  syphon  barometer  wa4 
In  this  group  the  hydrogen  was  possibly  contaminated  with  in0l 
vapor,  and  the  results  are  discarded  by  Morley  in  his  final  summi 
For  present  purposes,  however,  it  is  unnecessary  to  reject  them,  ft 
have  confirmatory  value,  and  do  not  appreciably  afifect  the  finals 
The  weight  of  one  litre  of  hydrogen  at  45^  latitude,  ad  found  in  ^Stik 
sets  of  determinations,  is  as  follows :  ^ 

•  Correction  applied  by  Morley  to  all  his  series,  for  a  slight  cnxw,  fi^iifTi  IbI* 
standard  metre  bar. 
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First  Series, 

Second  Series. 

.089904 

.089977 

.089936 

.089894 

.089945 

.089987 

.089993 

.089948 

.089974 

.089951 

.089941 

.089960 

.089979 

.090018 

.089936 

.089909 

.089904 

.089953 

.089863 

.089974 

.089878 

.089922 

.089920 

.090093 

.089990 

.090007 

.089926 

.089899 

.089928 

.089974 

.089900 
.089869 

Mean,  .089934,  ih  .000007 

Corredcd,  .089938,  d:  .000007 

.090144 

.089984 
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Mean,  .089967,  ±  .000011 
Corrected,  .089970,  ±.  .000011 

In  the  second  group  of  experiments,  the  hydrogen  was  weighed  in 
^Wium  before  transfer  to  the  calibrated  globe ;  and  in  weighing,  the 
^^Wium  tube  was  tared  by  a  similar  apparatus  of  nearly  equal  volume 
^<i  weight.    After  transfer,  which  was  etfected  without  the  intervention 

stopcocks,  the  volume  and  pressure  of  the  j?as  were  taken  at  the 
Kipemture  of  melting  ice.  A  preliminary  set  of  measurements  was 
*<le, followed  by  three  regular  series;  of  these,  the  first  and  second 
^with  the  same  apparatus,  and  are  different  only  in  point  of  time, 
^watioQ  falling  between  them.  The  last  series  was  with  a  different 
>pMatu3.    The  data  are  as  follows,  with  the  means  as  usual : 


Freliminary. 
.089946 
.089915 
.089881 
.089901 
.089945 

n 

Mean, 
»rrected, 

I  ird  Series, 

.089874 
.089891 
.089886 
.089866 
.089911 
.089856 
.089912 
.089872 

Foi 

Mean, 
)rrected, 

urih  Series. 
.089972 

.089877 
.089867 
.089916 
.089770 
.089846 

Fifth  Series, 
.089861 
.089877 
.089870 
.089867 
.089839 
.089874 
.089864 
.089883 
.089830 
.089877 
.089851 

Mean,  .089918, 
±  .0000271 
^^«««etl,  .089921 

Q 

.089875, 
.0000187 
,  .089880 

Co 

.089883,  C< 

.00CO049 

.089886 

Mean,  .089863, 
=b  .0000034 
rrected,  .089866 
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Ntjw,  rejecting  nothing,  we  may  com  bine  ail  the  series  into  a  general 
mean,  giving  the  weight  of  one  litre  nf  h\^drogen  as  follows : 

First  series .oSggjS^  ±:  ,oooooj 

Second  series  , .    ... 0S9970,  ±:  .00001 1 

Preliminary  scries,  second  methoH 089921,  i^  .0000271 

Third  series. .  _ .    ,  .0S9S86,  ±:  .0^)00049 

Fourth     *• .089880,1^.0000187 

Fifth       •*    089866,  ±  .0000034 

General  mean .  . , .    .089897,  dr  .0O0O<>25 

Rejecting  the  first  three.  ,......, 0S9872,  ±z  .0000028 

Tliis  ki^t  mean  value  for  hydrogen  will  be  u^ed  in  succeeding  cliapters 
of  thi.s  work  for  reducing  volumes  of  the  gas  to  weights.  Combining 
the  general  mean  of  all  with  tlie  value  fonnd  Rvr  the  weight  of  a  litre  o( 
oxygen,  1.4-2806.  ±  XK)rj028,  we  get  tor  the  ratio  H  ;  0, 

O  ^  158955^  ^-0005 

If  we  take  only  the  second  mean  for  H,  excluding  the  first  three  series^ 

we  have — 

0=  15.9001,  ±z  .0005 

This  value  h  undoubtedly  nearest  the  truth ^  and  is  preferable  to  all 
tether  deterniinations  of  this  ratio.  It4^  probable  error,  Itowover,  is  given 
too  low  ;  for  some  of  the  oxygen  weighings  involved  reductions  for  lem- 
perature  and  pressure,  Tliese  reductions  involve,  again,  the  coeJBcient  of 
ex|jansion  of  the  gas,  and  its!  probable  error  should  be  included.  Since, 
however,  that  factor  has  l>een  disregarded  elsewherCj  it  wnuld  be  an  over- 
refinement  of  calculation  to  include  it  here. 

Ill  a  memoir  of  this  kind  it  is  impossible  to  do  full  justice  to  so  elal>- 
orate  an  investigation  as  that  of  M(»rley,  The  dctailB  are  so  numerous, 
the  corrections  80  thortnigh,  the  methods  fur  overcoming  diirxculties  sa 
ingenious,  tlnit  many  pages  would  be  needed  in  order  to  present  any- 
thing like  a  satisfactory  ahstmct.  Hardly  more  than  the  actual  results 
can  be  cited  here;  for  all  else  the  original  memoir  must  he  consulted. 

Still  more  recently,  by  a  novel  method,  J.  Thom sen  has  measured  the 
two  densities  in  question.*  In  his  gra\i metric  research ,  already  eite<)« 
he  ascertained  the  weights  of  hydrogen  and  of  oxygen  equivalent  to  a 
unit  weight  of  aluminum.  In  his  Liter  pa|>er  he  describes  a  metliod  of 
measuring  the  corresponding  volumes  of  both  gases  during  tlie  same 
reactions.  Then,  having  already  the  weights  of  the  gases,  tlie  volunjc- 
weight  ratio,  or  density,  is  in  each  case  easily  computable.  From  1,0171 
to  2.p39'^2  granunes  of  aluminum  were  used  in  each  experiment,  Omit- 
ting details,  the  volume  of  hydrogen  in  litres,  equivalent  to  one  gramme 
of  the  metal,  is  as  follows : 

•  Seitficlir,  Anorg.  Chem**  u,  4'    1896. 
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1.24297 

1.24303 
1.24286 
1. 24271 
1.24283 
1.24260 

i.243»4 
1.24294 


Mean,  1.24289,  ±:  .OOOO4 

le  weight  of  hydrogen  evolved  from  one  gramme  of  aluminum  w«s 
1(1  in  Thomsen's  gravimetric  research  to  be  0.11190,  ±:  .000015. 
ice  the  weight  of  one  litre  at  0**,  760  mm.,  and  10.6  meters  above  sea 
1  at  Copenhagen  is : 

.090032,  db  .000012; 

U  gea  level  in  latitude  45**, 

.08^947,  ifc  .000012  gramme. 

The  data  for  oxygen  are  given  in  somewhat  different  form,  namely, 
•the  volume  of  one  gramme  of  the  gas  at  0°,  760,  and  at  Copenhagen, 
le  values  are,  in  litres : 

.69902 

.69923 

.69912 

.699>7 
.69903 
.69900 
.69901 
.69921 
.69901 
.69922 


Mean, 
At  tea  level  in  latitude  45°, 


.69910,  dr  .00002 
.69976,  dr  .00002 

Hence  one  litre  weighs  1.42906,  ±:  .00004  grammes. 

•^^ding  this  by  the  weight  found  for  hydrogen,  0.089947,  ±  .000012 
'« Have  for  the  ratio  H:0, 

15.8878,  rt  .0022. 

*^  density  ratios,  H  :  0,  now  combine  as  follows  : 

Dmias  and  Boassingaalt,  corrected 15.9015,  =b  .031 

Repiaiilt,  corrected 15. 9^05.  =t  0044 

Rayleigh,  1888 15-884,    ±1.0048 

"  1892 15.882,    zh  .0023 

Cooke. 15.890,    =t=.oo67 

Ledoe 15.905,    ±:  0154 

^data 15.8955.  :±:   0005 

15.8878,^1.0022 

1 5.8948,  zh  .00048 
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If  we  reject  all  of  Morley's  data  for  the  density  of  hydrogeu  except  his 
tliinl,  fourth,  and  fifth  series,  the  mean  becomes 

O  =  15.8991,  dt  .0004S. 

In  i'itlier  ease  Morley  s  data  vastly  outweigh  all  others. 


If  oxygen  and  hydrogen  were  perfect  gases,  uniting  by  volume  to  form 
water  exactly  in  ilie  ratio  of  one  to  two,  then  the  density  of  the  first  111 
tertns  of  the  second  would  also  express  its  uttjniic  weight,  But  in  fact, 
the  two  gases  vary  from  Boyle's  law  in  opposite  directions,  and  the  true 
cuni[>o;?ition  of  water  by  volume  diverge*^  from  the  theoretical  ratio  to  a 
measurable  extent.  Hence,  in  order  to  deduce  the  atomic  weight  of 
oxygen  from  its  density,  a  small  correction  must  be  applied  to  the  latter? 
deperulcnt  upon  the  amount  of  this  divergence*  Until  recently,  our 
knowledge  of  tiie  volumetric  composition  of  w^ater  rested  etitirdy  upon 
the  determinations  made  by  Humboldt  und  Gay-Lussac*  early  in  this 
century,  which  gave  a  ratio  between  H  and  O  of  a  little  less  than  2:1, 
but  their  data  need  no  farther  consideration  here. 

In  18S7  Scott  t  puhltshed  his  first  series  of  experiments,  21  in  number, 
fiufli ng  as  the  most  probable  result  a  value  for  the  ratio  of  1.994  : 1.  In 
March,  1888,^  he  gave  four  more  detenninations,  rangitig  from  L9^Mi2  Ui 
LtHiS;l;  and  later  in  t!ie  same  year  §  another  four,  with  values  from 
L0U5  to  2.001.  In  1803,  ||  however,  by  the  use  of  improved  ajiparatus, 
he  was  able  to  show  that  his  previous  work  W4i8  vitiated  by  errors,  and  to 
give  a  series  of  measurements  of  far  greater  value.  Of  these,  twelve  were 
especially  good»  being  made  with  hydrogeu  from  palladium  hydride, 
and  with  oxygen  from  stiver  oxide.  In  mean  the  value  found  id 
2.1M^245,  ±  ,0(MW,  with  a  range  from  2.0017  to  2.tM')30, 

In  1H91  an  elaborate  paper  by  ^lorley^[  appeared,  in  which  tweaty 
concordant  determinations  of  the  volumetric  ratio  gave  a  mean  value  af 
2.0(X)23,  ±  .000015.  These  measurements  were  made  in  eudiometer 
tul>es,  and  were  afterwards  practically  discarded  by  the  author.  In  his 
later  and  larger  paper,  **^  however,  he  redetermined  the  ratio  from  tlie 
density  of  the  mixed  electrolytic  gases,  and  found  it  to  he,  after  apfdyirig 
all  corrections,  2.00274.  The  probable  error,  roughly  estimated,  is  .00005, 
Jlorley  also  reduces  Scott's  determinations,  which  were  made  at  the  tem- 
perature of  the  laboratory,  to  0**,  when  the  value  becomes  2,00285.  The 
mean  value  of  both  series  may  therefore  be  put  at  2.0028,  ±:  .OOCXW.  with 
sufficient  accuracy  for  jrresent  purposes.    Leduc's  ft  single  determination, 

•  Journ.  de  Phys,,  60,  119. 

f  Proc.  Roy.  Soc.  4a.  396, 

I  Nature,  37,  439. 

I  British  Ah!k«:,  Report,  1888,  6ji. 

||  r»roc.  Roy,  Soc.,  si,  130-    In  full  in  Phflosophicttl  TmiisacOoos.  tS4i  543,    iSg^* 

H  Amcr.  Jouni.  Sci.  \,^u  46.  /?»».  und  376. 

•♦  Alresidy  cited  with  refcrc«Ge  to  syHthc8c»  of  water. 

ft  CoOTpt.  Rend.,  us,  311-    1691. 
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i8ed  upon  the  density  of  the  mixed  gases  obtained  by  the  electrolysis 
water,  gave  2.0037 ;  but  Morley  shows  that  some  corrections  were 

?glect€d.    This  determination,  therefore,  may  be  left  out  of  account. 
Now.  including  all  data,  we  have  a  mean  value  for  the  density  ratio : 

i\  H  :  O  :  :  I  :  15.8948,  dr  .OOO48; 

r,  omitting  Morley 's  rejected  series, 

B.)  H:0:  :l  :  15.8991,  ±  .00048. 

Correcting  these  by  the  volume  ratio,  2.0028,  ±  .00004,  the  final  result 
or  the  atomic  weight  of  oxygen  as  determined  by  gaseous  densities 
becomes: 

From  A O  ==  15.8726,  ±  .00058 

From  B O  =  15.8769,  d=  .00058 

Combining  these  with  the  result  obtained  from  the  syntheses  of  water, 

acting  nothing,  we  have- 
By  lynihesU  of  water O  =  15.8837,  ±  .00026 

Bj  gueooM  densities O  =  15.8726,  ii=  .00058 

General  mean. O  =  15.8821,  d=  .00024 

r  we  reject  Reiser's  work  under  the  first  heading,  and  omit  Morley's 
Active  hydrogen  series  under  the  second,  we  get — 

By  synthesis  of  water O  =  15.8796,  d=  .00027 

•  By  gaseous  densities O  =  15.8769,  zh  .00058 

General  mean O  =  15.8794,  ±  .00025 

•lorley,  discussing  his  own  data,  gets  a  final  value  of  0  =  15.8790,  ±: 
>2B,  a  result  sensibly  identical  with  the  second  of  the  means  given 
»ve.  These  results  cannot  be  far  from  the  truth ;  and  accordingly, 
inding  off  the  last  decimals,  the  value 

0=  15  879,  rb.0003, 
U  be  used  in  computation  throughout  this  work. 

Sort.— .\  useful  "  short  bibliography  "  upon  the  composition  of  water, 
fT.C.  Warrington,  may  be  found  in  the  Chemical  News,  vol.  73,  pp. 
antl45,156,170,andl84. 


The  atomic  weight8  of  these  six  elf^iiicnts  depentl  upon  each  other  to 
so  great  an  extent  that  they  ran  hj^nlly  l)e  cotisiderod  iniit.-i>endently. 
Indeed,  chlorine,  pntar^siuin,  and  silver  have  always  been  mutually  de- 
ti»ninned.  From  the  ratio  between  silver  and  chlorine,  the  ratio  between 
silver  and  potassium  ehloride,  and  the  comi>osition  of  iiolasi*iuni  chUv 
rate,  these  three  atomic  weights  were  first  iiceimitely  fixed.  Similar 
ratios^  more  recently  worked  out  by  Staa  and  others,  have  reiiden*d  it 
de*<irahle  to  include  bromine,  iodine^  and  sodium  in  the  same  general 
discussion. 

Several  methods  of  determination  will  be  left  altoj^ether  out  of  account. 
For  exiimide,  in  1842  Marignac*  sought  to  fix  the  atoniie  weight  of 
ehlorioe  by  estimating  the  quantity  of  water  fonned  when  hydrooldoric 
acid  gfis  is  passed  over  heated  oxide  of  copper.  His  results  were  wholly 
inaccurate,  and  need  no  further  mention  here.  A  little  later  T^nurentf 
redeterniinecl  the  same  constant  from  the  analysis  of  a  chlorinated  de- 
rivative of  naphthalene.  This  method  did  not  admit  of  extreme  accu- 
racy, and  it  presupimsed  a  knnwledge  of  the  at<imio  weight  of  carl>on  ; 
hence  it  may  be  properly  disregarded.  Maumene'sJ  analyses  of  the 
oxalate  and  acetate  of  silver  gave  good  results  for  the  atomic  weight  of 
that  metjd ;  but  they  also  depend  for  their  value  upon  our  knowledge  of 
carbon,  and  will,  therefore,  be  discussed  fartlier  on  with  reference  to  that 
element,  Hardin's  §' work  also,  relating  to  the  nitrate,  acetate,  and 
benzoate  of  silver,  will  be  found  in  the  chapters  upon  nitrogen  and 
carijon. 

Let  us  now  consider  the  ratios  upon  which  we  must  rely  for  a^cerUiin- 
ing  the  atomic  weights  of  the  six  elements  in  question.  After  wc  have 
properly  arraiii2:cd  our  data  we  may  then  discuss  their  meaning,  Fii«t 
in  order  wc  may  conveniently  take  up  the  percentage  of  potassium  chlo- 
ride obtainalde  from  tlic  chlorate. 

The  first  reliable  aeries  of  experiments  to  determine  this  percentage 
was  made  by  Berzelius.  {|  All  the  eiirlier  estimations  were  vitiated  by 
the  fact  that  when  potassium  eldorate  is  ignited  under  ordinary  circuni- 
atances  a  little  solid  material  is  mechanically  carried  away  with  the 
oxygen  gas.  Minute  jiortions  of  the  substance  may  even  be  actually 
volatilized.  These  sources  of  loss  were  avoided  by  Berxelius,  who  de- 
vised means  for  collecting  and  weighing  this  trace  of  potassium  chloride. 

•Comply  Retid,^  14,  570.    Also.  Joiirti.  f.  Prj«kt.  Cbem.,  j6,  J04. 
f  Conipt-  Rtnrt..  t4,  456,    Joiiru.  f.  Prakt,  Chem..  j6.  507. 
t  Ann.  d.  Chiin   et  d.  PbyJk  (3*,  iS,  4^.    i«4^ 
t  Journ*  Amcr  Cljcm.  Soc.  »Ss,  990^    1891^ 
t  l*ogg«nd.  Aniialeti,  H,  i.    f8j6, 
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Buccessors  of  Berzelius  in  this  work  have  benefited  by  his  exam- 
ough  for  the  methods  by  which  loss  has  been  prevented  we  must 
the  original  papers  of  the  several  investigators.  In  short,  then, 
18  ignited  potassium  chlorate,  and  determined  the  percentage  of 
J  which  remained*    Four  experiments  gave  the  following  results : 

60.854 
60.850 
60.850 
60.851 

Mean,  60.851,  zb  .0006 

next  series  was  made  by  Penny,*  in  England,  who  worked  after 
iwhat  different  method.  He  treated  potassium  chlorate  with 
hydrochloric  acid  in  a  weighed  flask,  evaporated  to  xlryness  over 
bath,  and  then  found  the  weight  of  the  chloride  thus  obtained, 
ults  are  as  follows,  in  six  trials : 

60.825 

60.822 

60.815 

60.820   ' 

60.823 

60.830 

Mean,  60.8225,  =h  .0014 

42  Pelouzef  made  three  estimations  by  the  ignition  of  the  chlo- 
Ih  these  results : 

60.843 
60.857 
60.830 

Mean,  60.843,  ^  -ooSS 

gcac,  in  1842,t  worked  with  several  diflferent  recrystallizations  of 
nmercial  chlorate.  He  ignited  the  salt,  with  the  usual  prccau- 
)r  collecting  the  material  carried  off  mechanically,  and  also  exam- 
le  gas  which  was  evolved.  He  found  that  the  oxygen  from  50 
lesof  chlorate  contiiined  chlorine  enough  to  form  .003  gramme  of 
:hloride.     Here  are  the  percentages  found  by  Marignac : 

In  chlorate  once  crystallized 60.845 

In  chlorate  once  crystallized 60.835 

In  chlorate  twice  crystallized 60.833 

In  chlorate  twice  crystallized 60.844 

la  dikwate  three  times  crystallized 60.839 

la  dilonte  four  times  crystallized 60. 839 


Mean,  60.8392,  rh  .OOI3 


Tranaactions,  1839,  p.  20. 
"t.  Rend.,  15, 959. 

'.  Chem.  u.  Pharm.,  44,  18. 
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In  the  same  paper  Marignac  describes  a  similar  series  of  experiments 
made  upon  potassium  perchlorate,  KCIO4.  In  three  experiments  it  was 
found  that  the  salt  was  not  quite  free  from  chlorate,  and  in  three  more 
it  contained  traces  of  iron.  A  single  determination  upon  very  pure 
material  gave  46.187  per  cent,  of  oxygen  and  53.813  of  residue. 

In  1845  two  series  of  experiments  were  published  by  Gerhardt  *  The 
first,  made  in  the  usual  way,  gave  these  results : 

60.871 
6o.88[ 
60.875 


Mean,  60.8757,  dr  .0020 

In  the  second  series  the  oxygen  was  passed  through  a  weighed  tube 
containing  moist  cotton,  and  another  filled  with  pumice  stone  and  sul- 
phuric acid.  Particles  were  thus  collected  which  in  the  earlier  series 
escaped. .  From  these  experiments  we  get — 

60.947 

60.947 
60.952 


Mean,  60.9487,  dr  .0011 

These  last  results  were  afterwards  sharply  criticised  by  Marignac,t 
and  their  value  seriously  questioned. 

The  next  series,  in  order  of  time,  is  due  to  Maumen6.J  This  chemist 
supposed  that  particles  of  chlorate,  mechanically  carried  away,  might 
continue  to  exist  as  chlorate,  undecomposed ;  and  hence  that  all  previous 
series  of  experiments  might  give  too  high  a  value  to  the  residual  chloride. 
In  his  determinations,  therefore,  the  ignition  tube,  after  expulsion  of  the 
oxygen,  was  uniformly  heated  in  all  Its  parts.  Here  are  his  percentages 
of  residue : 

60.788 

60.790 

60.793 

60.791 

60.785 

60.795 

60.795 

Mean,  60.791,  ±:  .0009 

The  question  which  most  naturally  arises  in  connection  with  these  re- 
sults is,  whether  portions  of  chloride  may  not  have  been  volatilized,  and 
80  lost. 

*  Compt.  Rend.,  21,  1280. 

j  Supp.  Bibl.  Univ.  dc  Gcn6vc,  Vol.  I. 

X  Ann.  d.  Chim.  ct  d.  Phys.  (3),  18,  71.    1846. 
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Closely  following  Maumen^'s  paper,  there  is  a  short  note  by  Faget,* 
ving  certain  mean  results.  According  to  this  chemist,  when  potassium 
ilorate  is  ignited  slowly,  we  get  60.847  per  cent,  of  residue.  When  the 
miUon  is  rapid,  we  get  60.942.  As  no  detailed  experiments  are  given, 
he<e  figures  can  have  no  part  in  our  discussion. 

Last  of  all  we  have  two  series  determined  by  Stas.t  In  the  first  series 
sirt  the  results  obtained  by  igniting  the  chlorate.  In  the  second  series 
the  chlorate  was  reduced  by  strong  hydrochloric  acid,  after  the  method 
followed  by  Penny : 

.  First  Series. 
60.8380 
60.8395 
60.8440 
60.8473 
60.8450 

Mean,  60.84276,  ±  .0012 

Second  Series. 
60.8^0 
60.853 
60.844 

Mean,  60.849,  =^  .0017 

In  these  ex|>eriments  every  conceivable  precaution  was  taken  to  avoid 
*^f  and  insure  accuracy.  All  weighings  were  reduced  to  a  vacuum 
*^J<lard;  from  70  to  142  grammes  of  chlorate  were  used  in  each  experi- 
^Dt;  and  the  chlorine  carried  away  with  the  oxygen  in  the  first  series 
'wahgorbed  by  finely  divided  silver  and  estimated.  It  is  difficult  to 
*«how  any  error  could  have  occurred. 

•W  to  combine  these  different  series  of  experiments. 

Ikrzelius,  mean  result 60, 85 1 ,    dr  .0006 

Penny,  **  60.8225,  d- .0014 

Peloaze,  **  60,843,    iz  .0053 

Mari^nac,  "  60.8392,^.0013 

Gerhardt,  1st  ** 60.8757,  =fc  .0020 

"  2d  **  60  9487,  rb  .0011 

Maumeni,  ** 60791,    dr  .0009 

Stas,  1st  *'  60.8428,  dr  .001 2 

••      2d  *'  60.849,    zb  .0017 

General  ,mean   from  all  nine  series, 
representing  forty  experiments 60.846,    ±  ,00038 

^Tilue  inexactly  that  which  Stas  deduced  from  both  of  his  own 
•^combined,  and  jrives  great  emphasis  to  hip 

•  Attn.  d.  dtfoi.  ct  d.  FInra.  i*^ 
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work.    It  also  finely  illustrates  the  compensation  of  errors  which  ooei 
in  combining  the  figures  of  different  experimenters. 

Similar  analyses  of  silver  chlorate  have  been  made  by  Marignac  ai 
by  Stas.  Marignac 's  data  are  as  follows :  *  The  third  column  gives  I 
percentage  of  0  in  AgClO,: 

24.510  grm.  AgCIOj  gave  18.3616  AgCl.  25.103 


25.809 

19.3345  " 

25.086 

30.306 

22.7072  ** 

25.074 

28.358 

21.2453  '* 

25.082 

28.287 

21.1833  " 

25."3 

57.170 

42.8366  •- 

25.072 

Mean,  25.088,  ih  .0044 

Stas  t  found  the  following  percentages  in  two  experiments  only : 

25.081 

25.078 


Mean,  25.0795,  dz  .0010 

Combined  with  Marignac's  mean  this  gives  a  general  mean  of  25jl 
±:  .0010 ;  that  is,  Marignac's  series  practically  vanishes. 

For  the  direct  ratio  between  silver  and  chlorine  there  are  seven  an 
able  series  of  experiments.  Here,  as  in  many  other  ratios,  the  first  relij 
work  was  done  by  Berzelius.  J 

He  made  three  estimations,  using  each  time  twenty  grammes  of  p 
silver.  This  was  dissolved  in  nitric  acid.  In  the  first  experiment 
silver  chloride  was  precipitated  and  collected  on  a  filter.  In  the  seoo 
and  third  experiments  the  solution  was  mixed  with  hydrochloric « 
in  a  flask,  evaporated  to  dryness,  and  the  residue  then  fused  and  weigh 
without  transfer.     One  hundred  parts  of  silver  formed  of  chloride : 

132.700 
132.780 
132.790 


Mean,  132.757,  ±.019 

Turner's  work  §  closely  resembles  that  of  Berzelius.  Silver  was  i 
solved  in  nitric  acid  and  precipitated  as  chloride.  In  experiments  0 
two,  and  three  the  mixture  was  evaporated  and  the  residue  fused.  . 
experiment  four  the  chloride  was  collected  on  a  filter.  A  fifth  expi 
ment  was  made,  but  has  been  rejected  as  worthless. 

The  results  were  as  follows :  In  a  third  column  I  put  the  qaani 
AgCl  proportional  to  100  parts  of  Ag. 

•  Bibl.  Univ.  dc  Gen6vc,  46,  356.     1843. 
fAronstein's  translation,  p.  214. 
X  Thomson's  Annals  of  J^hilosophy,  1810,  v.  15, 89. 
I  Phil.  Transactions,  1829,  291. 
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28.407  grains  Ag  gave  37-737  AgCI.  132.844 

4i.9>7  **  55M     "  132.829 

40.006  •*  53143     "  '32.837 

30.922  "  41.070     "  132.818 


Mean,  132.832,  +  .0038 

Tlie  same  general  method  of  dissolving  silver  in,  nitric  acid,  precipi- 
latinn,  eva{x>rating,  and  fusing  without  transfer  of  material  was  also 
ad(»|»te<l  by  Penny.  *    His  results  for  100  parts  of  silver  are  as  follows,  in 

|«art?  of  chloride: 

132.836 
132.840 
132.830 
132.840 
132.840 
132.830 
132.838 

Mean,  132.8363,  dr  .0012 

In  lS42Marignact  found  that  100  parts  of  silver  formed  132.74  of 
chloride,  hut  gave  no  available  details.  Later,  X  in  another  series  of  de- 
t«nnination8,  he  is  more  explicit,  and  gives  the  following  data.  The 
telghiniipj  were  reduced  to  a  vacuum  standard  : 


79.853  gnn.  Ag 

gave 

106.080  AgCl. 

Ratio, 

132.844 

69.905 

92.864     - 

132.843 

64.905 

86.210     " 

132.825 

92.362 

122.693     *• 

132.839 

99.653 

132.383     " 

132.844 

Mean,  132.839,  zb  .0024 

ThedKue  series  all  represent  the  synthesis  of  silver  chloride.  Mau- 
"^^nfc§  made  analyses  of  the  compound,  reducing  it  to  metal  in  a  current 
"f  hydrogen.  His  experiments  make  100  parts  of  silver  equivalent  to 
chloride : 

132.734 

132.754 

132.724 

132.729 

132.741 

Mean,  132.7364,  ±  .0077 

%  Dumas  II  we  have  the  following  estimations : 

9-954  Ag  gave  13.227  AgCl.         Ratio,  132.8S2 
19.976        *•        26.542     "  132.869 

Mean,  132.8755,  rb  .0044 

*Phn.  TrmnaactioiiA,  1839,  a8. 
IA&1L  Chem.  Phftrm.,  44,  ax. 
I  See  BeneUw*  I^ehrboCh,  sth  Sd.»  VM..jl  i»p.  1x9a,  1193. 

I  AttL  d.  Ghim.  et  d.  Fliya  (3^).  18. « 
I.  Vterm.,  113, ««   late 
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Finally,  there  are  seven  determinations  by  Stas  *  made  with  hit 
accuracy  and  with  every  precaution  against  error.  In  the  first,  M 
and  third,  silver  was  heated  in  chlorine  gas,  and  the  synthesis  of 
chloride  thus  effected  directly.  In  the  fourth  and  fifth  silver  wi 
solved  in  nitric  acid,  and  the  chloride  thrown  down  by  passing  1 
chloric  acid  gas  over  the  surface  of  the  solution.  The  whole  wti 
evaporated  in  the  same  vessel,  and  the  chloride  fused,  first  in  an  i 
phere  of  hydrochloric  acid,  and  then  in  a  stream  of  air.  The  sirf 
thesis  was  similar  to  these,  only  the  nitric  solution  was  precipitat 
hydrochloric  acid  in  slight  excess,  and  the  chloride  thrown  don 
washed  by  repeated  decantation. *  All  the  decanted  liquids  were 
wards  evaporated  to  dryness,  and  the  trace  of  chloride  thus  red 
was  estimated  in  addition  to  the  main  mass.  The  latter  was  fused 
atmosphere  of  HCl.  The  seventh  experiment  was  like  the  sixtl) 
ammonium  chloride  was  used  instead  of  hydrochloric  acid.  Froi 
to  399.7  grammes  of  silver  were  used  in  each  experiment,  the  opei 
were  performed  chiefly  in  the  dark,  and  all  weighings  were  redoi 
vacuum.  In  every  case  the  chloride  obtained  was  beautifully 
The  following  are  the  results  in  chloride  for  100  of  silver: 

132.841 
132.843 
132.843 
132.849 
132.846 
132.848 
122.8417 


Mean,  132.8445,  d=  .0008 

We  may  now  combine  the  means  of  these  sejven  series,  represenl 
all  thirty -three  experiments.  One  hundred  parts  of  silver  are  eqm 
to  chlorine,  as  follows : 

Berzelias 32.757,    zfc  .0190 

Turner 32.832,    dr  .0038 

Penny 32.8363,  db  .0012 

Marignac 32.839,    ±  .0024 

Maumeni 32.7364,  zh  .0077 

Dumas 32.8755,  dr  .0044 

Stas 32.8445,  ±  .0008 

General  mean 32.8418,  da  .0006 

Here,  again,  we  have  a  fine  example  of  the  evident  oompenM 
errors  among  diff*erent  series  of  experiments*    We  haTe  ih 
tribute  to  the  accuracy  of  Stas,  since  this  j5eff««4  OM       ■««*< 

mean  of  his  results  only  within  the  limits  o'' 

■'■■ 

*  Aronstein^s 
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lie  ratio  between  silver  and  potassium  chloride,  or,  in  other  words, 
weight  of  silver  in  nitric  acid  solution  which  can  be  precipitated  by 
nown  weight  of  KCl,  has  been  fixed  by  Marignac  and  by  Stas.  Ma- 
nac*  reducing  all  weighings  to  vacuum,  obtained  these  results.  In 
jtliird  column  I  give  the  weight  of  KCl  j)roportional  to  100  parts 


4,7238  gnn.  Ag: 

=   3.2626  KCl. 

69.067 

22.725 

15.001 

69.050 

21759 

15.028 

69.066 

21.909 

'5.»3i 

69.063 

22.032 

15.216 

69.063 

25.122 

'7.350 

69.063 
Mean,  69.062, 

:00'7 

The  work  of  Stas  falls  into  several  series,  widely  separated  in  point  of 
ne.  His  earlier  experiments  f  upon  this  ratio  may  be  divided  into 
0  wt«,  as  foUoi^s:  In  fhe  first  set  the  silver  was  slightly  impure,  but 
e  impurity  was  of  known  quantity,  and  corrections  could  therefore  be 
•plied.  In  the  second  series  pure  silver  was  employed.  The  potassium 
loride  was  from  several  different  sources,  and  in  every  case  was  puri- 
•Jwith  the  utmost  care.  From  10.8  to  32.4  grammes  of  silver  were 
ken  in  each  experiment,  and  the  weighings  were  reduced  10  vacuum. 
ae  method  of  operation  was,  in  brief,  as  follows :  A  definite  weight  of 
'tasrium  chloride  was  taken,  and  the  exact  quantity  of  silver  necessary, 
t^miing  to  Front's  hypothesis,  to  balance  it  was  also  weighed  out.  The 
^1,  with  suitable  precautions,  was  dissolved  in  nitric  acid,  and  the 
'lution  mixed  with  that  of  the  chloride.  After  double  decomposition 
»e  trifling  excess  of  silver  remaining  in  the  liquid  was  determined  by 
trationwith  a  normal  solution  of  potassium  chloride.  One  hundred 
»rt8of  siher  required  the  following  of  KCl : 

First  Series. 
69.105 
69.104 
69.103 
69.104 
69.102 


Mean,  69.1036,  d=  .0003 

Second  Series. 
69,105 
69.099 
69.107 
69.103 
69.103 
69.105 
69.104 


■ch,  5th  Ed.,  Vol.  3,  pp.  ii9>-3. 
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•  69.099 
69.1034 
69.104 
69.103 
69.102 
69.104 
69.104 
69.105 
69.103 
69.101 
69.105 
69.103 


Mean,  69.1033,  db  .0003 

In  these  deteriili nations  Stas  did  not  take  into  account  thefl 
bility  of  precipitated  silver  chloride  in  the  menstrua  emplo 
experiments.  Accordingly,  in  1882*  he  published  a  new  seriei 
by  two  methods  he  remeasured  the  ratio,  guarding  against  th< 
error,  and  finding  the  following  values : 

69.1198 
69.11965 
69.121 
69.123 

Mean,  69.1209,  ±.  .0003 

Corrected  for  a  minute  trace  of  silica  contained  in  tho^ 
chloride,  this  mean  becomes 

69.11903,  ±.0003. f 

Still  later,  in  order  to  establish  the  absolute  constancy  of  1 
question,  Stas  made  yet  another  series  of  determinations, J  in 
employed  potassium  chloride  prepared  from  four  diiferei 
One  lot  of  silver  was  used  throughout.     The  values  obtain 

follows : 

69.1227 

69. 1 236 

69.1234 

69.1244 

69." 235 

69.1228 

69.1222 

69.1211 

69.1219 

69.1249  J 

69.1238  J 

69.1225 

69.121 1 

•  M^inoircs  Acad.  Roy.  de  Belg«,  t.  43,   'f***^ 
tSec  Van  der  Plaatn,  Ann.  Cblm.  Pht*- 
I  Ocu\Tes  Posthumes,  editt^!  by  W,  I 
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[J^icfieiwiitt  iUho  ttegtin  in  which  one  sample  of  potassium  chloride 
to  be  I  figuini^t  silver  froiri  \*Hrious  sources,  hut  only  one 

...,*..tly,  694240.     This,  with  the  previous  series^  if\vi^<  ■^ 
1230,  ^  .OtX)2. 

■nninations  are  now  at  band  for  the  ratio  Ag  ;  KCh 
^   .   Hows: 

Mingaac 69.062,    dr  .0017 

Sua,  let  fierier  ,   69. 1036,  -t  .oooj 

^      ••      ......  69.1033,  rb. 0003 

34     **...-.  ^  69. 1 190,  ±:  ♦ocx>3 

4th    **,... .  69. 1230,  ±1 .0002 

Ccneni)  meftn 69, 1 143,  db  .0001 3 

be4tfleretiC6  between  the  highest  and  the  lowest  of  Stas'  geriea  cor- 
I  tft  a  dilTerence  of  <X021  in  the  atomic  weight  of  potassium.  The 
lof  iht^  tmrlier  work  rni^^'ht  Im  quite  justifiable,  but  would  exert 
light  influencu  Uf»on  our  final  result 

•qunntityof  »ilver  chloride  which  can  bo  formed  from  a  known 
"1  chloride  has  also  l»Gen  dutennined  l>y  Berzt?liu8, 
iieue.     Benselius*  fuund  that  100  parts  of  KCl  wore 
^filmi  Ici  194/2  of  AgCl ;  a  value  which,  corrected  for  weigliings  in 
1^2*32.     Tliis  experiment  will  not.  he  included  in  our  dis- 

12  Mariguacf  published  two  determinations,  with  these  results 
►  KCl: 

195.33 

"92.34 

5  cofrccrci  rur  weijjiung  m  Jiir^  192,26,  it  .cx>3 

Marignact  published  another  set  of  result?,  as  follows*     Thi* 
were  reduced  to  vacuum.     The  usual   ratio  is  in  tht^  third 


*7.034  gn».  KCl  gave  32.761  AgC\, 
14,457  "  27749     •* 

tS.CksS  2S.910     *' 

15.IJI  -ry.io2     •♦ 

15,116  "  29.271     ** 


192.327 
192*341 
192.374 
192.334 
J92  37«> 


Mean,  192.349,^*00^ 

(MtiinMliiDs  of  the  same  ratio  were  also  made  by  Mamneni^g  a^ 
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10.700  grm.  KCI  gave  20.627  AgCl.  192.776 

'0-5'95  "  20.273     *'  192.716 

8.587  "  16.556     "  192.803 

Mean,  192.765,  db  .017 
The  three  series  of  ten  experiments  in  all  foot  up  thus : 

Marignac,  1842 192.260,  ±  .003 

"         1846 192.349,^1.006 

Maunien^ 192  765,  ±  .017 

General  mean 192.294,  ±  .0029 

These  figures  show  clearly  that  the  ratio  which  they  represent  is  not 
of  very  high  importance.  It  might  be  rejected  altogether  without  im- 
propriety, and  is  only  retained  for  the  sake  of  completeness.  It  will 
obviously  receive  but  little  weight  in  our  final  discussion. 


In  estimating  the  atomic  weight  of  bromine  the  earlier  experiments  of 
Balard,  Berzelius,  Liebig,  and  Lowig  may  ^11  be  rejected.  Their  results 
were  all  far  too  low,  probably  because  chlorine  was  present  as  an  im- 
purity in  the  materials  employed.  Wallace's  determinations,  based  upon 
the  analysis  of  arsenic  tiibromide,  are  tolerably  good,  but  need  not  be 
considered  here.  In  the  present  state  of  our  knowledge,  Wallace's 
analyses  are  better  fitted  for  fixing  the  atomic  weight  of  arsenic,  and 
will,  therefore,  be  discussed  with  reference  to  that  element. 

The  ratios  with  which  we  now  have  to  deal  are  closely  similar  to  those 
involving  chlorine.  In  the  first  place,  there  are  the  analyses  of  silver 
bromate  by  Stas.^  In  two  careful  experiments  he  found  in  this  salt  the 
following  percentages  of  oxygen: 

20.351 
20.347 


Mean,  20.349,  ±:  .0014 

There  are  also  four  analyses  of  potassium  bromate  by  Marignac.f  The 
salt  was  heated,  and  the  percentage  loss  of  oxygen  determined.  •  The 
residual  bromide  was  feebly  alkaline.  We  cannot  place  much  reliance 
upon  this  series.     The  results  are  as  follows : 

28  7016 
28.6496 
28.6050 
28.7460 

Mean,  28.6755,  ^  -^207 


♦Aronstein's  translation,  pp.  200-206. 

tSee  B.  Mulder's  Overzigt,  p.  117;  or  Berselius*  Jahresbericht,  24.  72. 
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W>ifn  nlvff  brotnitb  m  heated  in  chlorine  gas,  silver  chloride  is  formed, 
1  'jfta*  employed  this  niethod  for  estimating  th<j  atomic  weight 

i  uTumirj'-.'   His  r*»jiulti«i  are  as  fullows.     In  the  third  coluinn  I  give  the 
fcl*»f  Aglir  equivalent  to  1(X»  parts  of  AgCl : 

*.028  grm.  AgBt  gave  1.547  AgCJ. 
5.235     '* 
4.4*>3    " 


131-024 


M  can ,  ^3 1 .  030,  ^  ,023 

Thb  series  b  eridenily  of  but  Httle  value. 

Tbt  tiro  nilkiii  upon  which,  in   connection  with   Stas'  analyses  of 
inmate,  the  aU»raic  weight  of  bromine  chietiy  depends,  are  those 
aneot  uUvt^r  with  tlve  latter  element  directly  and  silver  with 
iintde. 
^t   to  effect  tlic  synthesis  of  silver  bromide,  di^wolved   the 
I  nitric  acid,  precipitated  the  solution  with  potai^pium  1jromide» 
'I,  and  weighed  the  product.     "Hie  following  quanti- 
iii  ^   fuuii'l  proportional  to  KM)  part?*  of  silver: 

74-oSS 
74-066 


\l, 


,  rfi!i«i1  to  ft  ¥&cau]Ti  sUndanl,  74'077»  :t  .003 

'   '^firate  determinations  of  this  ratio  are  due  to  Stas.J 

A  ktiown  weight  of  silver  was  converted  into  nitrate, 

i  in  the  same  vt'S»id  by  pure  hydrobroinie  acid.     The 

nl'  ide  was  washed  thoroughly,  drieii.and  weighed.     In  four 

ns  the  silver  was  converted  into  sul  phate.     Then  a  known 

e  bromine,  as  nearly  as  possible  the  exact  amount  neces- 

^-    .,  Ante  the  silver,  was  trauHformed  into  liydrobromic  acid* 

v&£  aihied  to  the  dilute  solution  of  the  sulphate,  and^  after  precip- 

timte  trace  of  an  excess  of  silver  in  the  clear 

ri!  rrnined.     All  weighings  were   reduceil  to  a 

itim*    From  ihts^e  experiments,  taking  both  series  as  one*  we  get 

[ibtAnlloiriag  iitmntities  of  bromine  corresponding  to  KH}  parts  of  silver: 

74.0830 

74.0790 
74.0795 

74,0805 

740830 
,  74.081,    dt  .0006 


ik-Tselius'  Jahrcsbertcht^  24,  71. 
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In  his  paper  on  the  atomic  weight  of  cadmium,^  Huntington  gives 
three  syntheses  and  three  analyses  of  silver  bromide.  The  data  are  as 
follows,  with  the  usual  ratio  given  in  the  last  column :         • 

1.4852  grm.  Ag  gave      2.5855  AgBr.  74.0S4 

1.4080  "  2.4510     *•  74.077 

1.4449  "  2.5150     "  74.060 

4.1450  grm.  AgBr  gave  2.3817  Ag.  74.035 

1. 8172  **  1.0437     '*  74'" 

4.9601*  **  2.8497     **  74.057 


Mean,  74.071,  ±  .0072 

Similar  synthetic  data  are  also  given  by  Richards,  incidentally  to  his 
work  on  copper.f  There  are  two  sets  of  three  experiments  each,  which 
can  here  be  treated  as  one  series,  thus : 


1.11235 

grm. 

Ag  gave 

1.93630  i 

\gBr. 

74.073 

1.57620 

2.74335 

74.044 

2.16670 

3.77 « 70 

74.076 

.9664 

1.68205 

74.053 

.9645 

1.6789 

74.069 

.9639 

1.6779 

74.074 

Mean,  74.065,  zb  .0035 

Another  set  of  data  by  Richards  appears  in  his  research  upon  the 
atomic  weight  of  barium;  J  in  which  BaBr,  was  balanced  against  silver, 
and  the  AgBr  was  also  weighed.  Richards  gives  from  these  data  the 
percentage  of  Ag  in  AgBr,  which  figures  are  easily  restated  in  the  usual 
form  as  follows ; 

Percentage.  Ratio, 

57.460  74.034 

57.455  74.049 

57.447  74073 
57.445  74.074 

57.448  74.070 

57.442  74.089 
57.451  74>o6i 
57.455  74.049 

57.443  74.086 
57.445  74.074 
57.445  74.074 


Mean,  74.067,  db  .0034 

The  same  ratio  can  also  be  computed  indirectly  from  Cooke's  experi- 
ments upon  SbBrg,  Huntington's  on  CdBr^,  Thorpe's   on   TiBr^,  and 

•  Proc.  Amer.  Acad.,  1881. 

t  Proc.  Araer.  Acad.,  25.  pp.  199,  210,  211.    1890. 

X  Proc.  Amer.  Acad.,  vol.  28.    1893. 
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rpe  and  Laurie^s  on  gold.  The  values  so  obtained  all  confirm  the 
Its  already  given,  varying  within  their  limits,  but  having  probable 
rs  80  high  that  their  use  would  not  afifect  the  final  mean.  The  latter 
btained  as  follows : 

Marignac 74-077>  ±  .0030 

Sus. 74.081,  zb  .0006 

Huntington 74.07 1 ,  ±  .0072 

Richards,  ist  series 74.065,  ±  .0035 

**         2d     **      74.067,^.0034 

General  mean 74.080,  zb  .00057 

In  this  case  again,  as  in  so  many  others,  Stas'  work  alone  appears  at 
e  end,  the  remaining  data  having  only  corroborative  value. 
The  ratio  between  silver  and  potassium  bromide  was  first  accurately 
etormined  by  Marignac*    I  give,  with  his  weighings,  the  quantity  of 
Br  proportional  to  100  parts  of  Ag :  ^ 

2.131  grm.  Ag=   2.351  KHr.  110.324 

2.559  **  2.823  *'  1 10.316 

2,447  **  2.700  *«  no. 339 

3.025  **  3.336  **  110.283 

3946  "  4.353  "  1 10.314 

11.569  ••  12.763  **  110.321 

20.120  **  22.191  "  110.293 

Mean,  corrected  for  weighing  in  air,  110.343,  ib  .005 

^tas.f  working  in  essentially  the  same  manner  as  when  he  fixed  the 
utio  iKjtween  potassium  chloride  and  silver,  obtained  the  following 

1 10.361 
110.360 
110.360 
110.342 
110.346 
110.338 
110.360 
1 10.336 

110.344 
110.332 
no.  343 
110.357 

"0.334 
>  10.335 

Mean,  110.3463,  zb  .0020 

OoiBlHmi^  this  with  MMigiiac*0  mean  result,  110.348,  ±  .00.5,  we  get 
»l»«almeanofllO.SIP  ^ 

pp.  334-347. 
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The  nitios  upon  which  we  must  depend  for  the  atomic  weight  of 
iodine  are  exactly  parallel  to  those  used  for  the  determination  of  bromin^ 

To  begin  with,  the  percentage  of  oxygen  in  potassium  iodate  haa  be 
determined  by  Millon  *    In  three  experiments  he  found : 


b 

Mean, 

22.46 

22,47 

,  ±i 

,005 

1 

p 

22,473i 

1 

Millon 

also  estimated  the 

oxygen  in  i 

silver  iodate, 

getting 

the  foUo" 

iiig  percentages : 

17.05 
17.06 

1 

Mean,   17.047,  rh  ,005 

The  analysis  of  Bilver  iodate  hag  also  been  performed  with  extretnd 
care  by  Stas/f'  From  70  to  157  grammes  were  used  in  each  experiment, 
the  weights  being  reduced  to  a  vacuum  standard.  As  the  salt  could  not 
be  prepared  in  an  absolutely  aidiydrous  condition,  the  water  expelled  in 
each  analysis  wa-S  accurately  estimated  and  the  necessary  corre<i'tiuns  aj> 
plieiL  In  two  of  the  experiments  the  indate  was  decomposed  by  heat 
and  the  oxygen  given  oti'  was  fixed  upon  a  weighed  quantity  of  coppc 
heated  to  redness,  Thus  the  actual  weights,  both  of  the  oxygen  and  th6 
residual  iodide,  were  obtained.  In  a  third  experiment  the  iodate  wii 
reduced  to  iodide  by  a  solution  of  sulphurous  acid,  and  the  oxygen  wa 
e-^tiniateil  oidy  by  difference.  In  the  three  percentages  of  oxygen  givei 
below^  the  result  of  this  analysis  coiner*  last.  Tlie  figures  for  oxygen  ar$ 
aa  follows: 

16.976 
16,972 

16.9761 

Mean,  16.9747,  :4^  ,CX)09 


This,  combined  with  Milton's  series  above  cited,  gives  ua  a  general 
mean  of  16.9771,  ±  SKmi 

The  ratio  between  silver  and  potassium  iodide  seems  to  have  been  dc 
termiiied  only  by  Marignac.J  and  without  remarkable  accuracy.  In  I 
experimenta  100  parts  of  silver  were  Ibund  equivalent  to  |x>tassiuDi  iodide 
as  f<>llows: 

'Ann.  Chini.  Phys.  (3),  %  400.    1114^, 
f  AronMe-in's  tr« Halation,  pp.  170-aoo. 
J  BcT«ellti9"  IvChrbuch,  5th  cd,,  3,^  if 96. 
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I.6i6grm.  Ag=  2.483  KI. 

Ratio,  153.651 

2.503           "           3.846     " 

"      153.665 

3.427           "           5.268     - 

"      153.720 

2. 141           •*           3.290     " 

"      153.667 

10.821           *•          16.642     " 

'•      153794 

Mean,  153.6994,  ±  .0178 

The  synthesis  of  silver  iodide  has  been  effected  by  both  Marignac  and 
Stas.  Marignac,  in  the  paper  above  cited,  gives  these  weighings.  In  the 
last  column  I  add  the  ratio  between  iodine  and  100  parts  of  silver: 

15.000  grm.  Ag  gave  31.625  Agl.  il7-500 

14.790  *•  32.170     **  1 17.512 

18.545  **  40.339     "  Ii7.5'9 

Mean,  corrected  for  weighing  in  air,  117.5335,  dz  .0036 

Stas*  in  his  experiments  worked  after  two  methods,  which  gave,  how- 
ever, results  concordant  with  each  other  and  with  those  of  Marignac. 

In  the  first  series  of  experiments  Stas  converted  a  known  weight  of 
silver  into  nitrate,  and  then  precipitated  with  pure  hydriodic  acid.  The 
iodide  thus  thrown  down  was  washed,  dried,  and  weighed  without  trans- 
fer.    By  this  method  100  parts  of  silver  were  found  to  require  of  iodine : 

117.529 
117.536 

Mean,  117.5325,  dr   0024 

In  the  second  series  a  complete  synthesis  of  silver  iodide  from  known 
weights  of  iodine  and  metal  was  performed.  The  iodine  was  dissolved 
in  a  solution  of  ammonium  sulphite,  and  thus  converted  into  ammonium 
iodide.  The  silver  was  transformed  into  sulphate  and  the  two  solutions 
were  mixed.  When  the  precipitate  of  silver  iodide  was  completely  de- 
posited the  supernatant  liquid  was  titrated  for  the  trifling  excess  of  iodine 
which  it  always  contained.  As  the  two  elements  were  weighed  out  in  the 
ratio  of  127  to  108,  while  the  atomic  weight  of  iodine  is  probably  a  little 
under  127,  this  excess  is  easily  explained.  From  these  experiments  two 
sets  of  values  were  deduced ;  one  from  the  weights  of  silver  and  iodine 
actually  employed,  the  other  from  the  quantity  of  iodide  of  silver  col- 
lected.    From  the  first  set  we  have  of  iodine  for  100  parts  of  silver : 

117.5390 
117.5380 

1x7-54.30 
117.5420 
117.5300 

Mean,  1 17-5373,  :^   0015 
*  Aronstein's  translation,  pp.  136,  152. 
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From  the  weight  of  silver  iodide  actually  collected  we  get  as  i 
For  experiment  number  three  in  the  above  column  there  is  no  equi 
here :  . 

117.529 

1 17.531 

117.539 

117.538 

117.530 

Mean,  117.5334,  =fc  .0014 

Now,  combining  these  several  sets  of  results,  we  have  the  foD 
general  mean : 

Marignac 1175335,  ^  -^3^ 

Stas,  1st  series. 117.5325,  it  .0024 

**    2d     "       "7.5373,  =t  .0015 

**    3d     "       117.5334,  ±.0014 

General  mean 117.5345,  d=  .0009 

f 
One  other  comparatively  unimportant  iodine  ratio  remains  foK 
notice.    Silver  iodide,  heated  in  a  stream  of  chlorine,  becomes  com 
into  chloride ;  and  the  ratio  between  these  two  salts  has  been  thus 
mined  by  Berzelius  and  by  Dumas. 

From  Berzelius*  we  have  the  following  data.  In  the  third  coh 
give  the  ratio  between  Agl  and  100  parts  of  AgCl : 

5.000  grm.  Agl  gave  3.062  AgCl.  163  292 

12.212  "  7.4755     *«  163.360 

Mean,  163.326,  ±:  .023 

Dumas'  t  results  were  as  follows : 

3.520  grm.  Agl  gave  2. 149  AgCl.  163. 793 

7.011  "  4.281     "  163.770 

Mean,  163.782,  dcz  .008 

General  mean  from  the  combination  of  both  series,  163.733,  ± . 

For  sodium  there  are  but  four  ratios  of  any  value  for  present  puq 

The  early  work  of  Berzelius  we  may  disregard  entirely,  and  0l 

ourselves  to  the  consideration  of  the  results  obtained  by  Penny,  1 

Dumas,  and  Stas,  together  with  a  single  ratio  measured  incident 

Ramsay  and  Aston. 

The  percentage  of  oxygen  in  sodium  chlorate  has  been 
only  by  PennyJ,  who  used  the  same  method  which  h0 
potassium  salt.     Four  experiments  gave  the  fidlow 

♦  Ann.  Chim.  Phys.  (2),  40,  490^ 
t  Ann.  Chem.  Pharm.,  113,  iB.    t 
X  Phil.  Transactions,  1839,  Pw  Ifi 
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45.060 

45.075 
45.080 
45.067 


Mean,  45.0705,  zt  .0029. 

The  ratio  between  silver  and  sodium  chloride  has  been  fixed  by  Pe- 
>uie,  Dumas,  and  Stas.  Pelouze  *  dissolved  a  weighed  quantity  of  silver 
I  nitric  acid,  and  then  titrated  with  sodium  chloride.  Equivalent  to 
*i  parts  of  silver  he  found  of  chloride : 

54.158 
54.125 
54.139 


Mean,  54.141,  zb  .0063 

By  Dumas  t  we  have  seven  experiments,  with  results  as  follows.    The 
lird  column  gives  the  ratio  between  100  of  silver  and  NaCl : 

2.0535  gnn.  NaGl  =   3.788  grm.  Ag.  54.2n 


2.169 

4.0095      " 

54.097 

4.3554 

8.0425      *' 

54.155 

6.509 

*           12.0140      ** 

54.178 

6.4'3 

11.8375      " 

54.175 

2.1746 

*             4.012        ** 

54.202 

5.113 

9.434 

54.187 

Mean,  54.172,  zb  .0096 

•*^ulvJ  ap[)lying  the  method  used  in  establishing  the  similar  ratio  for 
•ta^ysium  chloride,  and  working  with  salt  from  six  different  sources, 
iu(\  of  sodium  chloride  equivalent  to  100  parts  of  silver: 

54.2093 
54.2088 
54.2070 
54.2070 
54.2070 
54.2060 
54.2076 
54.2081 
54.2083 
54.2089 


Mean,  54.2078,  db  .0002 


Aiinthe  caae  of  the  corresponding  ratio  for  potassium  chloride,  these 
^Modedtobecheckedby  others  which  took  into  account  the  solu- 


'«47.    1845. 

U3. 31.   i860. 
-n,  p.  274. 
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bility  of  silver  chloride.    Such  data  are  given  in  Stas'  paper  of  1882,* 
and  four  results  are  as  follows : 

54.2065 

54.20676 

54.2091 

54.2054 

Mean,  54.20694,  ±  .00045 

Corrected  for  a  trace  of  silica  in  the  sodium  chloride,  this  mean  becomes 
54.2046,  zfc  ,00045.t  Combining  all  four  series,  we  have  for  the  NaCl 
equivalent  to  100  parts  of  Ag — 

Pelouze 54. 141,    ifc  .0063 

Dumas 54. '72,    :i=  .0096 

Stas,  early  series 54.2078,  dr  .0002 

Stas,  late       '*     54.2046,43.00045 

General  mean 54.2071,  ±  .00018 

Here  the  work  of  Stas  is  of  such  superior  excellence  that  the  other  de- 
terminations might  be  completely  rejected  without  appreciably  affecting 
our  final  results. 

In  their  research  upon  the  atomic  weight  of  boron,  Ramsay  and  Aston  J 
converted  borax  into  sodium  chloride.  In  the  latter  the  chlorine  was 
afterwards  estimated  gravimetrically  by  weighing  as  silver  chloride  on  a 
Gooch  filter.     Hence  the  ratio,  AgCl :  NaCl :  :  100 : «,  as  follows : 

3.0761  grm.  NaCl  gave  7.5259  AgCI.  Ratio,  40.874 

2.7700               *•               6.7794     '*  *'       40.859 

2.8930               *'               7.0804     •*  '*       40.859 

2.7360               **               6.6960     **  "       40.860 

1.9187               "               46931     "  *«       40.863 

Mean,  40.867,  ±  .0033 

Finally,  for  the  ratios  between  silver  and  sodium  bromide  we  have  one 
set  of  measurements  by  Stas.§  The  bromide  was  prepared  by  saturating 
NajCO,  with  HBr.     The  NaBr  proportional  to  100  parts  of  silver  was — 

95.4420 

95.4383 
95.4426 

95.4392 

Mean,  95.4405,  ±  .0007  ^ 

We  have  now  before  us  the  data  for  computing,  with  greater  or  less 
accuracy,  the  atomic  weights  of  the  six  elements  under  discussion.    In 

*  M^moires  Acad.  Roy.  de  Beige.,  43.    1882. 

t  See  Van  der  Plaatn,  Ann.  Chim.  Phys.  (6),  7,  16.    1886, 

\  Chcm.  News,  66,  92.    1892. 

I  M<^moire8  Acad.  Roy.  Beige.,  43.    1882. 
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there  we  nineteen  ratios,  involving  about  two  hundred  and  fifty 
»ate  experiments.  These  ratios  may  now  be  tabulated  and  num- 
red  for  reference,  it  being  understood  that  the  probable  error  in  each 
« is  that  of  the  last  term  in  the  proportion. 

(I.)  Percentage  of  O  in  KCIO, 39-154,    :i=  .00038 

(2.)  "  «*  KBrO, 28.6755,  zt  .0207 

(3»  •*  **  KIO, 22.473,    ±.0050 

(4.)  "  •  NaClO, 450705,  ih  .0029 

(5.)  *'  «*         AgClO, 25.080,    di.ooio 

(6.)  **  **  AgBrO, 20.349,    db  .0014 

(7.)  "  *'  Agio, 16.9771,^.0009 

(8.)  Ag  :  NaCl  :  :  100  :  54.2071,  d=  .00018 
(9.)  Ag  :  NaBr  :  :  100  :  95-4405,  =b  .0007 

(10.)  Ag  :  KCl  :  :  100  :  69.1 143,  ±:  .00013 

(II.)  Ag  ;  KBr  :  :  lOO  :  IIO.3459,  zfc  .0019 

(12.)  Ag  :  Kl  :  :  100  :  153.6994,  ±1 .0178 

(13.)  Ag  :  Q  :  :  100  :  32.8418,  ±  .0006 

(14.)  Ag  :  Br  :  :  100  :  74080,  ±  .00057 

(15.)  Ag  :  I  :  :  100  :  117.5345.  ±  .a»9  " 

(16.)  AgO  :  NaQ  :  :  100  :  40.867,  dr  .0033 

(17.)  KCl  :  AgCl  :  :  100  :  I92.294,  ±  .0029 

(18.)  AgQ  :  AgBr  :  :  100  :  131.030,  dr  .023 

(19.)  AgQ  :  Agl  :  :  100  :  163.733,  db  .0076 
• 

few,  from  ratios  1  to  7,  inclusive,  we  can  at  once,  by  applying  the 
>wn  atomic  weight  of  oxygen,  deduce  the  molecular  weights  of  seven 
•>i<l  salts.  I>et  us  consider  the  first  calculation  somewhat  in  detail. 
*otas{<ium  chlorate  yields  39.154  per  cent,  of  oxygen  and  60.846  per 
it.  of  residual  chloride.  For  each  of  these  quantities  the  probable 
'»rU  r  .00038.  The  atomic  weight  of  oxygen  is  15.879,  i  .0003,  so 
it  the  value  for  three  atoms  becomes  47.637,  ±:  .0009.  We  have  now 
i  following  simple  proportion  : 

39.154:60.846: :  47.637  .•^, 

"^Dcethe  molecular  weight  of  potassium  chloride  becomes  =  74.029. 
The  probable  error  being  known  for  the  first,  second,  and  third  term 
'  this  proportion,  we  can  easily  find  that  of  the  fourth  term  by  the 
*^ok  given  in  our  introduction.  It  is  ±  .0073.  By  this  method  we 
™D  the  following  series  of  values,  which  may  conveniently  be  nura- 
««i consecutively  with  the  foregoing  ratios: 

(10)  KCl,     from  (i)  =    74029,  dz  .0073 
^  (21)  KBr,       -     (2)  =118.487,  ±3.0923 

\  (ta)  Kl,        "    (3)  =  164.337.  r^  .0382 

I  (tl^'MM  "     (4)=    58.057,  rt  .0050 

(5)  =  142.303.  ±^   0066 

^=186.463,  rh  .0137 

--232.959,^1.0134 
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With  the  help  of  these  molecular  weights',  we  are  now  able  to  coro^ 
pute  seven  iadepeiident  values  for  the  atomic  weight  of  silver. 

First,      from  (lo)  and  (20) Ag  =  107,!  1 1,  zfc  .0106 

Second^  •'  (it)  '*    (21) **  —  107.378,  db  .0S37 

Third,  *•  (12)  »*    (22) »'  =106.921,^.0278 

Fourth,  '*  (  8  )  *'    (23) "  t=;  107, 102,  ir  .0092 

Fifth,  *•  (13)  ••    (24)... **  =  107.122,  rb. 0050 

Sixth,  •*  (14)  **    (25) "  =  107.113,  :t  .0079 

Seventh,  *'  (15^  **    (26) ,...  •*  =^  107.091^  ±:  .0062 

General  mean , . .  Ag  =  107, 108,  i  .0031 


It  is  ni>ticeiible  that  five  of  these  values  agree  very  well.     The  second^ 
and  thinl,  however,  diverge  widely  from  the  average,  but  in  opposit 
direclioiis  ;  they  have,  moreover,  liigh  probable  errors,  and  consequeutlj 
little  weight.     Of  these  two,  one  reprei^cnts  little  and  the  other  none  ol 
Stags'  work.     Their  trifling  iniiuence  upon  our  final  results  become 
curiously  apparent  in  the  series  of  silver  values  given  a  little  furthelj 
along. 

When  we  consider  closely,  in  all  of  its  hearings,  any  one  of  the  value 
just  given,  we  shall  see  that  for  certain  purposes  it  must  be  excluded 
from  our  getxeml  mean.     For  example,  the  first  is  derived  partly  fror 
the  ratio  between  silver  and  potassium  chloride.    From  this  ratio,  thfl 
atomic  weiglit  of  one  substance  being  known,  we  can  dedut^o  that  of  tb€ 
other.     We  have  already  used  it  in  ascertsiining  tlie  atomic  weight  oi 
silver,  and  the  value  thus  obtained  is  included  in  our  general  meanJ 
But  if  from  it  we  are  to  determine  the  molecular  weight  of  potassium 
chloride,  we  must  use  a  silver  value  derived  from  other  sources  only,  or 
we  should  be  assuming  a  part  of  our  result  in  advance.     In  other  wordsj 
we  must  now  use  a  general  mean  for  silver  from  which  this  ratio  with' 
reference  to  silver  has  been  rejected.     Hence  the  following  series  of  silver 
values,  w^hicli  are  lettered  for  reference : 


A.  General  mean  from  all  eight 107. 108,  ±:  .0031 

B.  **  excluding  the  first..,. ....  107. 1  oS,  dr  .0032 

C.  **  '*  second,,    ..  107.107,  dr. 003 1 

D.  "  "  third., ,...,  107,110,  ±:  .ooj I 

E.  *'  **  fourth.. ....  107, 109,  dr  *<iO}^ 

F.  •*  **  fiftK»» . ....  107.099,  :^  .0039 

O.  "  '*  sixth. 107  106.  ±  ,0034 

H.        "  •'  seventh ....  107.113,  :ii  .0036 


fWe  are  now  in  a  position  to  determine  metre  closely  the  molectilaii 
weights  of  tlie  haloid  salts  which  we  Inive  already  been  considering. 
For  silver  chloride,  still  employing  the  formula  for  the  probable  Grro| 
of  the  last  term  of  a  proportion,  we  get  the  following  values: 
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From  (5) AgCl  =  142.303,  db  .0066 

From  (13)  and  (F) "     =  142.276,  ±  .0052 

From  (16)     "    (23) *'     =142.063,^.0168 

From  (17)    **    (20) •*    =142.353,^.0156 

From  (18)     "    (25) •'     =  142.306,  rb  .0271 

From  (19)     "    (26) **     =142.278,^.0105 

General  mean AgCl  =  142.277,  =b  .0036 

The  third  of  these  values  is  certainly  too  low,  and  although  it  reduces 
the  atomic  weight  of  chlorine  by  only  0.01,  it  ought  to  be  rejected.  The 
leDeral  mean  of  the  other  five  values  is  AgCl  =  142.287,  db  .0037.  Sub- 
tnctinif  from  this  the  atomic  weight  of  silver,  107.108,  ±  .0031,  we  have 
fcr  the  atomic  weight  of  chlorine — 

Cl  =  35.«79,  =fc.oo48. 

For  silver  bromide  three  ratios  are  available : 

From  (6) ! AgBr  =  186.463,  zb  .0137 

From  (14)  and  (G) '*     =  186.450,  ±  .0050 

From  (18)    "(24) "     =  186.459,  ±  .0339 

General  mean AgBr  =  186.452,  ifc  .0054 

Hence,  applying  the  atomic  weight  of  silver  as  before — 
Br  =  79.344,  ±.0062. 

For  silver  iodide  we  have — 

From  (7)   Agl  =  232.959,  d=  .0134 

From  (15)  and  (H) *'    =233.008,^.0079 

From  (19)    **    (24) •*    =  232.997,  ifc  .0153 

General  mean Agl  =  232.996,  i  .0062 

Hence, 

1  =  125.888,  db.0069. 

For  the  molecular  weight  of  sodium  chloride  three  values  appear,  as 

Wlows: 

From  (4) NaCl  =  58.057,  ±  .0050 

From(8)and(E) "     :=^  58.061,  rfc  .0018 

From  (16)  •*    AgCl "     -^58.148,^.0049 

General  mean NaCl  =  58.069,  rb  .0016 

^•iwtingihe  tiiird  value,  which  corresponds  to  the  rejected  value  for 
^^ tad  throws  oat  ratio  (16)  entirely,  the  mean  becomes 

96o,  db.0017 
Fwr  NaBr  =  102.224,  db  .0031 


1 
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Deducting  from  these  molecular  weights  the  values  already  fow 
CI  and  Br,  two  measurements  of  the  atomic  weight  of  sodium  are  obli 
thus: 

From  NaCl Na  =  22.881,  ±  .0051 

From  NaBr **  =r  22.880,  =fc  .01 12 

General  mean Na  =  22.881,  db  0046 

The  rejection  of  ratio  (16)  in  connection  with  the  atomic  we|n 
sodium  and  chlorine  is  fully  justified  by  the  fact  that  the  data  wl 
represents  were  never  intended  for  use  in  such  computations.  Thq 
obtained  incidentally  in  connection  with  work  upon  boron,  and 
consideration  here  may  have  some  bearing  later  upon  the  discaoi 
the  last-named  element. 

For  potassium,  the  ratios  available  give  molecular  weights  fb 

chloride,  bromide,  and  iodide.     For  the  chloride, 

• 
From  ( i) KCl  =  74.029,  it  .0073 

From  (10)  and  (B) "   =  74.027,  ±:  .0022 

From  (17)    **    (24) *•   =  74.003,  dr  .0049 

General  mean KCl  =  74.025,  di  .0019 

For  the  bromide  we  have — 

From  (2) KBr  =  118.487,  ±:  .0923 

From  (II)  and  (C) "    =ii8.i88,  db  .0073 

General  mean KBr  =  1 18.200,  ±:  .0073 

And  for  the  iodide — 

From  (3) KI  =  164.337,  dt  .0382 

From  (12)  and  (D) *'  =  164.627,  d=  .0052 

General  mean KI  =  164.622,  d:  .0051 

Combining  these  values  with  those  found  for  chlorine,  bromin 
iodine,  we  have  three  values  for  the  atomic  weight  of  potassium, 
lows : 

From  KCl K  =  38.846,  dr  .0078 

From  KBr "  =  38.856,  ±z  .0096 

From  KI **  =38.734,  db  .0086 

General  mean K  =  38.817,  db  .OO51         J 

To  sum  up,  the  six  atomic  weights  under  discussion  may  t 
as  follows,  both  for  the  standard  chosen,  and  with  O  » 16  ^ 
the  system : 
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H=\.  (9=i6. 

Ag 107.108,1+2.0031  107.924 

K 38.817,  ±.0051              39.>>2 

Na 22.881,^.0046              23.048 

CI 3S.>79,±.oo48              35.447 

Br 79.344,  db  .0062              79-949 

1 125.888,^.0069  126.847 

It  must  be  remembered  that  these  values  represent  the  summing  up 
of  work  done  by  many  investigators.  Stas'  ratios,  taken  by  themselves, 
fire  various  results,  according  to  the  method  of  combining  them.  This 
computation  has  been  made  by  Stas  himself,  with  his  older  determina- 
tions, and  more  recently  by  Ostwald,*  Van  der  Plaats,t  and  Thomsen,  J 
til  with  the  standard  of  O  ^  16.  By  Van  der  Plaats  two  sets  of  results 
iregiven:  one  with  Stas'  ratios  assigned  equal  weight  (A),  and  the  other 
with  each  ratio  given  weight  inversely  proportional  to  the  square  of  its 
mean  error  (B).  The  results  of  these  several  computations  may  well  be 
tabulated  in  comparison  with  the  values  obtained  in  my  own  general 
dwcuagion,  thus : 


Clarke, 

Stas. 

Ostwald, 

\\derP.,A, 

V,derR,B. 

Thomsen, 

.       Aj...  . 

"07.924 

107.930 

107.9376 

107.9202 

107.9244 

107.9299 

K. 

39."2 

39.137 

39.1361 

39.«4i4 

39.1403 

39. 1507 

I 

23.048 

23.043 

230575 

230453 

23.0443 

23.0543 

'       CI.... 

••    35.447 

35-457 

35.4529 

35.4516 

35.4565 

35.4494 

Br.... 

•     79  949 

79952 

79.9628 

79.9407 

79.9548 

79.95 'o 

1 

.   126.847 

126.850 

126.8640 

126.8445 

126.8494 

126.8556 

The  agreement  between  the  new  values  and  the  others  is  highly  satis- 
^ctory,and  gives  a  strong  emphasis  to  the  magnificent  accuracy  of  Stay' 
deu^miinations.     No  severer  test  could  be  applied  to  them. 


*Lehrbuch  der  allfi^emeinen  Chemie,  i,  41.    1885. 

tCompt.  Rend.,  116,  1362.     1S93. 

I  Zeitsch.  Physikal.  Chetn.,  13,  726.    1S94. 
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NITROGEN. 


The  atomic  weight  of  nitrogen  has  been  determined  from  the  density 
of  tlie  gas,  and  from  a  considerable  variety  of  purely  chemical  ratios. 

Upon  the  density  of  nitrogen  a  great  many  experiments  have  been 
made.  In  early  times  this  constant  was  determined  by  Biot  and  Arago, 
Thomson,  Dulong  and  Berzelius,  Lavoisier,  and  others.  But  all  of  these 
investigations  may  be  disregarded  as  of  insufficient  accuracy ;  and,  as 
in  the  case  of  oxygen,  we  need  consider  only  the  results  obtained  by 
Dumas  and  Boussingault,  by  Regnault,  and  by  recent  investigators. 

Taking  air  as  unity,  DiTmas  and  Boussingault*  found  the  density  of 
nitrogen  to  be — 

.970 
.972 
.974 

Mean,  .972,  ±  .cxx)78 

For  hydrogen,  as  was  seen  in  our  discussion  of  the  atomic  weight  of 
oxygen,  the  same  investigators  found  a  mean  of  .0693,  ±  .00013.  Upon 
combining  this  with  the  above  nitrogen  mean,  we  find  for  the  atomic 
weight  of  the  latter  element,  N  =  14.026,  ±  .0295. 

By  Regnault  f  much  closer  work  was  done.  He  found  the  density  of 
nitrogen  to  be  as  follows : 

.97148 
.97148 
.97»54 
.97155 
.97108 
.97108 

Mean,  .97137,  =t  .000062 

For  hydrogen,  Regnault's  mean  value  is  .069263,  ±  .000019.  Hence, 
combining  as  before,  N  =  14.0244  ±  .0039. 

Both  of  the  preceding  values  are  affected  by  a  correction  for  the  dif- 
ference in  volume  between  the  weighing  globes  when  full  and  when 
empty.  This  correction,  in  the  case  of  Rcgnault's  data,  has  been  meas- 
ured by  Crafts,^  who  gives  .06949  for  the  density  of  H,  and  .97138  for  N. 
Corrected  ratio,  N  =  13.9787.  If  we  assume  the  same  proportional  cor- 
rection for  tlie  determination  by  Dumas  and  Boussingault,  that  becomes 
N=  13.9771. 

♦Corapt.  Rend.,  12,  1005.  1841. 
t  Compt.  Reud.,  20,  975.  1845. 
X  Corapt.  Rend.,  106,  1664. 
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5B 


Vonlitllr,^  vriirkiQj^  with  eloctrolytic  oxygen  and  with  nitrogen  pre- 
t/if  over  hot  copper,  but  not  with  hydrogen,  compared 
_.  -a,;*.-  .u  i^ijuoi  vulumeii  of  the  two  gjiaas,  with  rt'^ults  as  follows  : 


Oxygen. 
1.442470 

1.4424S9 
t-|4?570 
i  44257 » 
f.  442563 
1^2478 


Urtfi, 


,44^;  i;.    ^     OCK>Otl 


NUrogett, 

1 .  269609 
1.2693^9 
1.269J07 
1.269449 
1,269515 
1.269443 
1.269478 

Mean,  1.260455,  - 


,  000024 


^  >  =  Ki,  IS  N  ^  liAJ802,  :±  ,tHX):>,     Corrected  by  Ray- 

iwecn  the  weights  becomes  14/)80o,     If  0  =  15.870, 

z  i^lKt^thc  final  value  for  N,  deducible  from  V*on  Jolly's  data,  is  N  = 

Til  termination  in  order  of  time  is  Leduc's.f    He  made  iiine 

[  afMumtienti)  of  the  density  of  nitrogen,  gi^nng  a  mean  of  .97203,  with 
'  'CID  and  »972l;  but  he  neglects  to  cite  the  intermediate 
u:  the  three  figure-s  ^ven  iv^  representative*  and  aaauining 
•m  of  the  other  values  between  the  indicated  linuta,  the 
of  the  mean  is  not  far  from  0.0(MHJ2.     For  hydrogen  he 
JX*<J()t574o.     The  mtio  between  the  two  densities  gives 

sum, 

zhX  prejiaring  nitrogen  by  passing  air  over  liot  co}iper, 
S  II  a  standard  globe,  obtained  the  following  weights  : 

2.31026 
2.31024 
2.31012 

2.3'027 


TTrfl 


Mean,  2.51025,  =h  cx)0025 

tiire,  .sJirinkagt*  of  the  globe  when  ex- 

■<^,  as  airai  n«t  2.3751 2  for  the  same  volume 

i-iity  of  N  =  ,97209,  ±:  ,r)UOC»l.     His  former  work 

;0,  ±  ,0000aS4,  for  the  density  of  that  gas.     The 

.0017. 

lujwever,  all  apply  to  nitrogen  ilerivcd  from  the 
'  ''H^moir  Rayleigh§  found  that  nitrogen  from 
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chemical  sources,  such  aa  oxides  of  nitrogen,  ammonium  nitrate,  etcj 
was  })erceptibly  lighter ;  and  not  long  afterwards  the  discrepancy  wa 
cxitlained  by  the  astonishing  discovery  of  argon.  The  den^iliefl  given,J 
therefore,  arc  all  too  high,  and  unavailable  far  any  discussion  of  atouiiq 
weight.  As,  lm>wever,  the  reductions  had  been  completed  in  nearly  all 
their  details  before  the  existence  of  argon  was  annnunce<h  they  may  b6 
allowed  t*)  remain  here  as  part  of  the  record.  Summing  up,  the  ratio^ 
found  between  hydrogen  and  atmospheric  **  nitrogen"  are  as  follows: 

Dumas  and  Boussin^uU^  corrected '3*977 

Regnault,  *'        «3-979 

Von  Jolly,  '*         _. 13.974 

Leduc,  '•        ., , 13,990 

Raylcigb,  »*         13.968 

Perhaps  at  some  future  time,  wlien  the  density  of  argon  is  accurately! 
known  and  its  amount  in  the  atmosphere  has  been  precisely  determined^ 
these  figures  tmji^y  he  so  corrected  as  to  be  useful  for  atomic  weight  calct 
lations. 

In  discussing  the  more  purely  chemical  ratios  for  establishing  thj 
atomic  weiglit  of  nitrogen,  we  may  ignore,  for  the  present,  theresearche 
of  Berzelius  atid  of  Andersoti.     These  chemists  experimented  chieflj^ 
upon  lead  nitrate,  and  their  work  is  consequently  now  of  greater  value 
for  fixing  the  atomic  weight  of  lead.    Their  results  will  be  duly  corisidJ 
ered  in  the  |)roper  coimection  further  on. 

The  ratio  iR'tween  aminoniuni  cldoride  and  silver  has  been  determined 
by  Pelouze,  by  Marignac,  and  by  8tas.  The  metliod  of  working  is  e^seuj 
tially  that  adoi>ted  in  the  similar  expefiments  with  the  chlorides 
sodium  and  potasaiunh 

For  the  ammonium  chloride  equivalent  to  100  parts  of  silver,  Pclou^te^ 

found : 

49-556 
49-5 '7 

Mean,  49.5365,  ±-013 

Ahirignaet  obUxincd  the  following  results.     The  usual  ratio  for  IC 
parts  of  silver  is  given  also  : 

8,063  gjm.  Ag=  3.992  grm.  NH^CL  49-5'° 

9.402          <*          4.656  ''  49.521 

>o-339          *'          5«2o  **  49' 52^ 

12.497          *♦          6. 191  •♦  »      49-540 

«i-3J7  •*  5-^»7  "  49.546 

11.307  '*  5-595  *'  49.4S3 

4.326  **  2,143  ''  49*53^ 

Mcftti,  49.523,  ^  »«>5S 

*Compt.  Rrtid.,  io.  1047.     1^45. 

tacntcHus'  I^ehrbuch,  stlj  cd.,  vol.  3,  11^4,  1185. 
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neither  of  these  series  can  for  a  moment  compare  with  that  of 
He  used  from  12.5  to  80  grammes  of  silver  in  each  experiment, 
d  bis  weighings  to  a  vacuum  standard,  and  adopted  a  great  variety 
motions  to  insure  accuracy.  He  found  for  every  100  parts  of  silver 
lowing  quantities  of  NH^Cl : 

49.600 

49.599 

49.597 

49.598 

49-597 

49-593 

49-597 

49-5974 

49.602 

49.597 
49598 
49592 


Mean,  49.5973,   ±.0005 

this  work,  as  with  the  similar  ratios  for  potassium  and  sodium 
ide,  the  solubility  of  silver  chloride  was  not  guarded  against  so  fully 
needful.  Accordingly  Stas  published  a  new  series  of  determina- 
in  1882,t  carefully  checked  in  this  particular,  with  the  subjoined 
es  for  the  ratio : 

49.60001 
49-59999 
49-599 
49.600 

49.597 
Mean,  49.5992,  ±  .00039 

ornbining  all  four  series,  we  have — 

Pelouzc 495365,  =b  .013 

Marignac 49-523,    ±.0055 

Sias,  early  series 49-5973,  =t  .0005 

Stas,  later      "     49.5992,  ±:  .00039 

General  mean 49-5983,  dt  .00031 

"*  the  paper  last  cited  Stas  also  gives  a  similar  series  of  determinations 
■*  ntio  Ag :  NH^Br : :  100 :  x.     The  results  are  as  follows,  with  re- 
'^  to  Tacmun : 


"••lation,  pp.  56-58. 
Roy.  dc  Bclgc,  43. 
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90.831 

90.831 

90.8297 

90.823 

90.8317 

90.8311 

90.832 

Mean,  90.8299,  db  .0008 

The  quantity  of  silver  nitrate  which  can  be  formed  from  a  known 
weight  of  metallic  silver  has  been  determined  by  Penny,  by  Marignac^ 
and  by  Stas.  Penny  *  dissolved  silver  in  nitric  acid  in  a  flask,  eva|K>- 
rated  to  dryness  without  transfer,  and  weighed.  One  hundred  parts  of 
silver  thus  gave  of  nitrate : 

157.430 
i  57.437 
157.458 
157.440 
157.430 
«57.455 


Mean,  I57.44i7,  ±.0033 

Marignac'sf  results  were  as  follows.    In  the  third  column  they  arc 
reduced  to  the  common  standard  of  100  parts  of  silver : 

68.987  grm.  Ag  gave  108.608  grm.  AgNO,.  '57.433 

157.401 
157.433 
157.404. 
>57.447 


57.844 

i( 

91.047 

66.436 

<t 

104.592 

70.340 

(< 

IIO.718 

500.000 

<( 

314.894 

Mean,  157.4236,  db  0061 

Stas, J  employing  from  77  to  405  grammes  of  silver  in  each  experiment, 
made  two  different  series  of  determinations  at  two  different  times.  The 
silver  was  dissolved  wuth  all  the  usual  precautions  against  loss  and 
against  impurity,  and  the  resulting  nitrate  was  weighed,  first  after  loi^ 
drying  without  fusion,  just  below  its  melting  point;  and  again,  fused. 
Hetween  tlie  fused  and  the  unfused  salt  there  was  in  every  case  a  sligfal 
diflerence  in  weight,  the  latter  giving  a  maximum  and  the  former  a^ 
niininunn  value. 

In  Stas'  first  series  there  are  eight  experiments;  but  the  seventh l^|^^ 
liiniself  rejects  as  inexact.    The  values  obtained  for  the  nitnte  " 

•  Phil.  Trans.,  1839. 

t  Bercelius*  Lehrbuch,  5th  ed^  3,  ^ 

I  Aron5tcin*s  translation,  ppw  jflU* 
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•to  of  silver  are  given  below  in  two  columns,  representing  the  two  eon- 
ouB  in  which  the  salt  was  weighed.     The  general  mean  given  at  the 
I  have  deduced  from  the  means  of  the  two  columns  considered 
irately : 


Mean 


Vn/used. 

Fused, 

157.492 

.157.474 

157.510 

157.481 

157.485 

157.477 

157.476 

157.471 

157.478 

157470 

157.471 

157.463 

157.488 

157.469 

•57.4857 

Mean 

157.472 

General  mean, 

157.474. 

dr  .001 

4 

the  later  series  there  are  but  two  experiments,  as  follows : 

Un/used.  Fused. 

157.4964  157.488 

157.4940  157.480 


Mean,  157.4952  Mean,  157.484 

General  mean,  157.486,  ±.  .0003 

he  reverse  ratio,  namely,  the  amount  of  silver  obtainable  from  a 
rbed  quantity  of  nitrate,^  has  been  determined  electrolytically  by 
tlin.*  The  data  obtained,  however,  are  reducible  to  the  same  form 
n  the  preceding  series,  and  all  are  properly  combinable  together. 
•e  i«ilver  was  dissolved  in  pure  aqueous  nitric  acid,  and  the  crystal- 
?  salt  thus  formed  was  dried,  fused,  and  used  for  the  detenninations. 
e  silver  nitrate,  mixed  with  an  excess  of  pure  potassium  cyanide  solu- 
n,  was  electrolyzed  in  a  platinum  dish.  The  results  obtained,  reduced 
vacuum  weights,  were  as  follows  : 

.31202  AgNO, gave.  1981 2  Ag.  Ratio,  157.490 

"  157.498 

"  157.485 

♦'  157.490 

*'  157.479 

"  157.479 

"  157466 

"  157.485 

'•  157.494 

"  157.477 


.47832 

.30370 

.56742 

.36030 

.57728 

.36655 

.69409 

.44075 

.86367 

.54843 

.86811 

.55130 

.93716 

.59508 

1.06170 

.67412 

1.19849 

.76104 

Mean,  157.484,  zti  .0020 


t,  Chem.  Soc.,  18, 995.    1896. 
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Now,  to  combine  all  five  sets  of  results : 

Penny 157.4417,  ±  .0033 

Marignac I57'4236,  =fc  .0061 

Stas,  1st  scries 157.4740,  zb  .0014 

Stas,  2d      **      157.4860,  db  .0003 

Hardin 157.484,    d:  .0020 

General  mean '157.479,    zt  .0003 

For  the  direct  ratio  between  silver  nitrate  and  silver  chloride  there  are 
two  series  of  estimations.  A  weighed  quantity  of  nitrate  is  easily  con- 
verted into  chloride,  and  the  weight  of  the  latter  ascertained.  In  two 
experiments  Turner*  found  of  chloride  from  100  parts  of  nitrate: 

84357 
84.389 


Mean,  84.373,  db  .01 1 

Penny ,t  in  five  determinations,  found  the  following  percentages: 

84.370 
84.388 
84.377 
84.367 
84.370 


Mean,  84.3744,  it  .0025 
The  general  mean  from  both  series  is  84.3743,  ±:  .0025. 

The  ratio  directly  connecting  silver  nitrate  with  ammonium  chloride 
has  been  determined  only  by  Stas.  J  The  usual  method  of  working  was 
followed,  namely,  nearly  equivalent  quantities  of  the  two  salts  were 
wei«!;hed  out,  the  solutions  mixed,  and  the  slight  excess  of  one  estimated 
by  titration.  In  four  experiments  100  parts  of  silver  nitrate  were  found 
equivalent  to  chloride  of  ammonium,  as  follows: 

3 '489 
31.490 
31.487 
31486 


Mean,  31.488,  d:  .0006 

The  similar  ratio  between  potassium  chloride  and  silver  nitrate  has 
])ecii  determined  by  botli  Marignac  and  Stas. 

•  Phil.  Trans.,  1833,  537. 

t  Phil.  Trans..  1839. 

X  Aronstein's  translation,  p.  309. 
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Marignac*  gives  the  following  weights.  I  add  the  quantity  of  KCl 
proportional  to  100  parts  of  AgNOj : 

1.849  gnn.  KCl=r   4.218  grm.  AgNOj.  43.836 

2.473  "  5.640  "  43848 

3-317  "  7.565  *'  43.847 

2.926  •'  6.670  "  43.868 

6. 191  "  14. 1 10  •'  43.877 

4.351  "  9.9>8  "  43.870 

Mean,  43.858,  dz  .0044 

Stas'  t  results  are  given  in  three  series,  representing  silver  nitrate  from 
three  different  sources.  In  the  third  series  the  nitrate  was  weighed  in 
vacuo,  while  for  the  other  series  this  correction  was  applied  in  the  usual 
way.     For  the  KCl  equivalent  to  100  parts  of  AgNO,  Stas  found :    - 

JFirsl  Series. 
43.878 
43.875 
43-875 
43.874 

Mean,  43.8755,  ±  .0005. 

Second  Series. 
43.864 
43.869 
43876 

Mean,  43.8697,  dr  .0023 

Third  Series. 
43.894 
43.878 
43.885 

Mean,  438857,  dr  .0031 

Combining  all  four  series  we  have: 

Marignac 43.858,    di=  .0044 

Stas,  1st  series 43-^755,  dt  .0005 

Stas,  2d     "     43.8697,  -h  .0(^23 

Stas,  3d     "     438857,  ±:  .0031 

General  mean 43-8715,  ±:  .0004 

There  have  also  heen  determined  by  Penny,  by  Stas,  and  by  Hibbs  a 
Series  of  ratios  connecting  the  alkaline  clilorides  and  chlorates  with  the 
corresj)onding  nitrates.  One  of  these,  relating  to  the  lithium  salts,  will 
l>€  8tudie<l  farther  on  with  reference  to  that  metal. 

•Bcrzelius*  l,eiirbuch,  5th  ed.,  3d  vol.,  1184,  1185. 
t  Aronstcin's  translation,  p.  30S. 
5 
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1 


The  general  method  of  working  upon  these  ratios  is  due  to^ 
Applied  to  the  ratio  between  the  chloride  and  nitrate  of  potafl| 
as  follows :  A  weighed  quantity  of  the  chloride  is  introduced  uA 
which  is  placed  upon  its  side  and  connected  with  a  receiver.  J 
of  pure  nitric  acid  is  added,  and  the  transformation  is  graduallj 
about  by  the  aid  of  heat.  Then,  upon  evaporating  to  drynd 
sand  bath,  the  nitrate  is  brought  into  weighable  form.  The  1 
the  receiver  is  also  evaporated,  and  the  trace  of  solid  matter  wJ 
been  mechanically  carried  over  is  recovered  and  also  taken  into 
In  another  series  of  experiments  the  nitrate  was  taken,  and  by 
drochloric  acid  converted  into  chloride,  the  process  being  the  81 
the  following  columns  of  figures  I  have  reduced  both  series  to  m 
ard,  namely,  so  as  to  express  the  number  of  parts  of  nitrate  coi 
ing  to  100  of  chloride : 

Firs^  Series,— KCl  treaUd  with  HNO^ 

135639 
135.637 
135.640 

135.635 
135-630 
135640 
135.630 


Mean,  135.636,  ±  .0011 

Second  Series.^KNO^  treated  with  HCL 
135.628 

135.635 
135.630 
135.641 
135  630 
135.635 
135.630 


Mean,  135.633,  d=.ooil 

Stas'  t  results  are  as  follows : 

>35.643 
135.638 
135.647 
135-649 
135.640 

"35.645 
135.655 

Mean,  1356453.  ±  .0014 

•Phil.  Trans.,  1839. 

t  Aron«tein*s  tranilation,  p.  170. 
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rh«e  figares  by  Stas  represent  weighings  in  the  air.  Reduced  to  a 
ruam  standard,  this  mean  becomes  135.6423.  , 

The  determinations  made  by  Hibbs*  differ  slightly  in  method  from 
oae  of  Penny  and  Stas.  He  converted  the  nitrate  into  the  chloride  by 
atiag  in  a  stream  of  gaseous  hydrochloric  acid.  His  results  were  as 
Hows,  vacuum  weights  being  given  • 

Weight  KNO^  Weight  KCl.  Ratio. 

.11090                          .08177  135^24 

.14871                          .10965  135.622 

.21067                          .15533  135627 

.23360                          .17225  135620 

.24284                          .17903  135.642 

Mean,  135.627,  rb  .0026 

Now.  combining,  we  have : 

Penny,  1st  seriei >35-636,    d=  .001 1 

Penny,  2d      **      135-633.    ±.0011 

Sus 135-6423,  =t  .0014 

Hibbs 135.627,    ±.0026 

General  mean 135-636,    zt  .0007 

Ky  the  same  general  process  Penny  f  determined  how  much  potassium 
iiiraie  could  be  formed  from  100  parts  of  chlorate.     I^e  found  as  follows  : 

82.505 
82.497 
82.498 
82.500 

Mean,  82.500,  rfc  .0012 


f^or  100  parts  of  sodium  chlorate  he  found  of  nitrate  : 

79.875 
79.882 
79.890 

Mean,  79.8823,  zb  .0029 


^or  the  ratio  between  the  chloride  and  nitrate  of  sodium  Penny  made 
^*0  8et«  of  estimations,  as  in  the  case  of  potassium  salts.  The  subjoined 
°P^  give  the  amount  of  nitrate  eijuivalent  to  100  parts  of  chloride: 

'Mm  for  Doctor's  degree.  University  of  Pennsylvania,  1S96.     Work  done  under  the  direction 
«^««M«>rE.P.  Smith. 
♦'WLTiiai.,1839. 
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1 


First  Series,— NaCl  treated  with  HNO^.  ' 

145.415  ' 

145.408 

145.420 

145.424 
145.410 
145.418 
145.420 

Mean,  145.4164,  ±z  .0015 

Second  Series,— NaNO^  treated  with  HCL 
145.419 
M5.39* 
H5-4I2 
145.415 
145.412 
I45.4>2 

Mean,  145.410,  db  .0026 

Stas*  gives  the  following  series : 

145.453 
145.468 

145.465 
145.469 

145-443 
Mean,  after  reducing  to  vacuum  standard,  145.4526,  zi=  .0030 

Hibbs'  t  data,  obtained  by  the  method  employed  in  the  case 
potassium  compounds,  are  as  follows,  vacuum  weights  being  stal 

Weight  NaNO^,  Weight  NaCl.  Ratio. 

.01550  .01066  145.403 

.20976  .14426  145.404 

.26229  .18038  145.410 

.66645  .45829  145.429 

.93718  .64456  145.399 

Mean,  I45-407,  =b  .OOI 
Combining,  we  have  as  follows:  .  ,# 

Penny,  1st  series 145.4164,  d=  .0015 

Penny,  2d      "     i45.4^o,    ±:  .0026 

Stas 145.4526,  d=  .0030 

Hibbs 145.407,    db  .0026 

General  mean 145.418,    d=  .0012 

*  Aronstcin's  translation,  p.  278. 

t  Thesis,  University  of  Pennsylvania,  1896.  ^ 
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Julius  Thomsen,  *  for  the  purpose  of  fixing  indirectly  the  ratio  H  :  O, 
ha  made  a  valuable  series  of  determinations  of  the  ratio  HCl :  NH,, 
which  may  properly  be  used  toward  establishing  the  atomic  weight  of 
nitrogen.  First,  pure,  dry,  gaseous  hydrochloric  acid  is  passed  into  a 
weighed  absorption  apparatus  containing  pure  distilled  water.  After 
noting  the  increase  in  weight,  pure  ammonia  gas  is  passed  in  until  a  very 
riight  excess  is  present,  and  the  apparatus  is  weighed  again.  The  excess 
of  XH„  which  is  always  minute,  is  measured  by  titration  with  standard 
hydrochloric  acid.  In  weighing,  the  apparatus  is  tared  by  one  of  similar 
form,  and  containing  about  the  same  amount  of  water.  Three  series  of 
detenninations  were  made,  differing  only  in  the  size  of  the  absorption 
apparatus;  so  that  for  present  purposed  the  three  may  be  taken  as  one. 
Thomsen  considers  them  separately,  and  so  gives  greatest  weight  to  the  ex- 
periments involving  the  largest  masses  of  material.     I  give  his  weighings, 

HCl 


*nd  also,  as  computed  by  him,  the  ratio 


nh: 


HCl. 

N//,, 

Ratio, 

First  series 

.    5->624 

2.4120 

2.1403 

39425 

1.8409 

2.1416 

4.6544 

2.1739 

2.1411 

3.9840 

1.8609 

2.1409 

5.3295 

2.4898 

2.1406 

4.2517 

1.9863 

2.1405 

4.8287 

2.2550 

2.1414 

6.4377 

3.0068 

2.1411 

4.1804 

1.9528 

2.1407 

50363 

2.3523 

2.1410 

4.6408 
.  M.8418 

2.1685 
5.5302 

2.1411 

Sccontl  series. . . 

2.14130 

14.3018 

6.6808 

2.14073 

12.1502 

5.6759 

2.14067 

11.5443 

5.3927 

2.14073 

12.3617 
.   19.3455 

5.7733 

2.14118 

Third  series 

9.0360 

2.14094 

>9.4578 

9.0890 

Mean  of  all 

2. 1 408 1 

,  2.14093, 

Reduced  to  vacuo, 

,  2.1394 

: .000053 


From  the  sums  of  the  weights  Thomsen  finds  the  ratio  to  be  2.14087, 
or  2.13934  in  vacuo.  From  this,  using  Ostwald's  reductions  of  Stas*  data 
^  the  atomic  weights  of  N  and  CI,  he  finds  the  atomic  weight  of  H  == 
0.^,  when  0=16. 

"e  have  now,  apart  from  the  determinations  of  gaseous  density,  eleven 
»tio9, representing  one  hundred  and  sixty-four  experiments,  from  which 


^Zeitsch.  Physikal.  Chera.,  13,  398.     1894. 
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to  calculate  the  atomic  weight  of  nitrogen.    Let  us  first  collect  and  num- 
ber these  ratios : 

(I.)  Ag  :  AgNO,  :  :  lOO  :  157.479,  ±:  .<»03 

(2.)  AgNOj  :  AgCl  :  :  lOO  :  84.3743,  ±  .0025 

(3.)  AgNOj  :  KCl  :  :  100 :  438715,  ±  .0004 

(4.)  AgNO,  :  NH.Cl  :  :  100  :  31.488,  db  .0006 

(5.)  Ag  :  NH^Cl  :  :  100  :  49-5983,  ±  .«»3i 

(6.)  Ag  :  NH^Br  :  :  100  :  90.8299,  ±  .0008 

(7.)  KCl  :  KNO5  :  :  100  :  135.636,  db  .0007 

(8.)  KCIO,  :  KNO5  :  :  100  :  82.500,  dr  .OOI2 

(9.)  NaCl  :  NaNO,  :  :  100  :  145  418,  dr  .001 1 
(10.)  NaClO,  :  NaNO,  :  :  100  :  79.8823,  dz  .0029 
(II.)  NH3  :  HCl :  :  i.oo  :  2.1394,  db  .000053 

From  these  ratios  we  are  now  able  to  deduce  the  molecular  weight  of 
ammonium  chloride,  ammonium  bromide,  and  three  nitrates.  For  these 
calculations  we  must  use  the  already  ascertained  atomic  weights  of  oxy- 
gen, silver,  chlorine,  bromine,  sodium  and  potassium,  and  the  molecular 
weights  of  sodium  chloride,  potassium  chloride,  and  silver  chloride.  The 
following  are  the  antecedent  values  to  be  employed : 

Ag     =107.108,  ±.0031 

K     =  38.817,  ±.0051 

Na     =  22.881,  rh  .0046 

CI      =  35. > 79,  ±.0048 

Br      =  79-344,  ±  .0062 

Oj      =  47.637,  ±  .0009 
AgCl  —  142.287,  dt  .0037 

KCl  =  74.025,  db  .0019 
NaCl  =    58.060,  rh  .0017 

Now,  from  ratio  number  five  we  get  the  molecular  weight  of  NH^Cl  = 
53.124,  ±:  .0016,  and  N  =  13.945,  ±  .0051. 

From  ratio  number  six,  NH, Br  =  97.286,  ±  .0029,  and  N  =  13.942, 
±  .0077. 

From  ratio  number  eleven,  NH,  =  16.911,  ib  .0048,  and  N  ==  13.911, 
db  .0048. 

From  ratio  number  four,  which  involves  an  expression  of  the  type 
A:B::C  +  a;:D+a;,  an  independent  value  is  deducible,  N  =  13.935, 
±  .0073. 

For  the  molecular  weight  of  silver  nitrate  there  are  three  values, 
namely  : 

Fronj  ( i) AgNOj  =  168.673,  ±  .0049 

From  (2) ••      =  168.634,  ±  .0066 

From  (3)   "      =168.731,  db. 0046 

General  mean AgNO,  =  168.690,  dz  .0030 

Hence  N=  13.945,  ±  .0044. 
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The  molecular  weight  of  potassium  nitrate  is  twice  calculable,  as 

ibllows: 

From  (7) KNO,  =  100.405,  dz  .0026 

From  (8) **      =100.371,^.0059 

General  mean KNO,  =  100.401,  ±  .0024 

Hence  N  =  13.947,  ±.0057. 

And  for  sodium  nitrate  we  have  : 

From  (9) NaNO,  =  84.430,  db  .0026 

From  (10) **      =  84.433,  d=  .0053 

General  mean NaNO,  =  84.431 ,  d=  .0023 

HeoceN- 13.913,  ±.0052. 

There  are  now  seven  estimates  of  the  atomic  weight  of  nitrogen,  to  be 
combined  by  means  of  the  usual  formula. 

1.  From  NH^G N  =  13.945,  ±  .0051 

2.  •*    NH^Br "  =  13.942,  db  .0077 

3.  *•    ralio(4) "  =  13.935,^1.0073 

4.  ••       **    (II) "  =  13.911,  d=. 0048 

5.  "    AgNO, "  =  13945,  ±  .0044 

6.  **    KNO, •*  =  13.947.  db  .0057 

7.  "    NaNO, '*  =  I3.9'3,  ±  .0052 

General  mean N  =  13.935,  ±  0021 

If  oxygen  is  16,  this  becomes  14.041.  From  Stas'  data  alone,  Stas 
finds  14.044;  Ostwald,  14.0410 ;  Van  der  Plaats,  14.0421  (A),  and  14.0519 
(B);  andTbomsen,  14.0396.  The  new  value,  representing  all  available 
<iata.  falls  between  these  limits  of  variation. 
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CARBON. 

Although  there  is  a  large  mass  of  material  relating  to  the  atomic  weight 
of  carbon,  much  of  it  may  be  summarily  set  aside  as  having  no  value 
for  present  purposes.  The  density  of  carbon  dioxide,  which  has  been 
scrupulously  determined  by  many  investigators,*  leads  to  no  safe  esti- 
mate of  the  constant  under  consideration.  The  numerous  analyses  of 
hydrocarbons,  like  the  analyses  of  naphthalene  by  Mitscherlich,  Wosk- 
resensky,  Fownes,  and  Dumas,  give  results  scarcely  more  satisfactory. 
In  short,  all  the  work  done  upon  the  atomic  weight  of  carbon  before  the 
year  1840  may  be  safely  rejected  as  unsuited  to  the  present  requirementa 
of  exact  science.  As  for  methods  of  estimation  we  need  consider  but 
four,  as  follows : 

First.  The  analysis  of  organic  salts  of  silver. 

Second,  The  determination  of  the  weight  of  carbon  dioxide  formed  by 
the  combustion  of  a  known  weight  of  carbon. 

Third,  The  method  of  Stas,  by  the  combustion  of  carbon  monoxide. 

Fourth,  From  the  density  of  carbon  monoxide. 

The  first  of  these  methods,  which  is  probably  the  least  accurate,  was 
employed  by  Liebig  and  Redtenbacher  f  in  1840.  They  worked  with 
the  acetate,  tartrate,  racemate,  and  malate  of  silver,  making  five  ignitions 
of  each  salt,  and  determining  the  percentage '  of  metal.  From  one  to 
nine  grammes  of  material  were  used  in  each  experiment. 

In  the  acetate  the  following  percentages  of  silver  were  found : 

64.615 
64.624 
64.623 
64.614 
64.610 


Mean,  64.6172,  db  .0018 

After  applying  corrections  for  weighing  in  air,  this  mean  becomes 
64.6065. 
In  the  tartrate  the  silver  came  out  as  follows : 

59.297 
59.299 
59.287 
59.293 
59293 


Mean,  59  2938,  ±:  .0014 
Or,  reduced  to  a  vacuum,  59.2806 


*  Notably  by  t,avoisier,  Biot  and  Arago,  De  Saussure,  Dulong  and  Berzelius,  Buff,  Von  Wrede^ 
Regnault,  and  Marchand.    For  details,  Van  Geun's  monograph  may  be  consulted. 
fAnn.  Chem.  Pharm.,  38,  137.    Mem.  Chem.  Soc.,  i,  9.    Phil.  Mag.  (3),  19,  210. 
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59.290 
59.292 
59.287 
59.283 
59.284 


Mean,  59.2872,  db  .0012 
Or,  corrected,  59.2769 


And  from  the  malate : 

61.996 
61.972 
62.015 
62.059 
62.011 

Mean,  62.0106,  db  .0096 
Or,  corrected,  62.0016 

Sow,  applying  to  these  mean  results  the  atomic  wieiglits  already  found 
oroxjgen  and  silver,  we  get  the  following  values  for  carbon : 

From  the  acetate ' C  =  1 1.959,  db  .0021 

From  the  tartrate "  =  1 1.967,  db  .0019 

From  the  racemate **  =  1 1.973,  ±  .0017 

From  the  malate **  =  1 1.972,  dz  .0098 

^ow  these  results,  although  remarkably  concordant,  are  by  no  means 
^impeachable.  They  involve  two  possible  sources  of  constant  error, 
flielv,  impurity  of  material  and  the  volatility  of  the  silver.  These 
iMions  have  both  been  raised  by  Stas,  who  found  that  the  silver  tar- 
te,  prepared  as  Liebig  and  Redtenbacher  prepared  it,  always  carried 
»8of  the  nitrate,  and  that  he,  by  the  ignition  of  that  salt,  could  not 
results  at  all  agreeing  with  theirs.  In  the  case  of  the  acetate  a  similar 
•ority  would  lower  the  percentage  of  silver,  and  thus  both  sources  of 
r  would  reinforce  each  other  and  make  the  atomic  weight  of  carbon 
eout  too  high.  With  the  three  other  salts  the  two  sources  of  error 
n  opposite  directions,  although  the  volatility  of  the  silver  is  probably 
Teater  in  its  influence  than  the  impurity.  Even  if  we  had  no  other 
rdating  to  the  atomic  weight  of  carbon,  it  would  be  clear  from  these 
I  that  the  results  obtained  by  Liebig  and  Redtenbacher  must  be 
iedly  in  excess  of  the  true  figure. 

wcker,*  however,  discussed  the  data  given  by  Liebig  and  Redten- 
»er  by  the  method  of  least  squares,  using  the  Berzelian  scale,  and 
ming  H  =  12.51.  Thus  treated,  they  gave  C  =  75.415,  and  Ag  = 
i.79;  or,  with  0  =  16,  C  =  12.066  and  Ag  =  107.903.     These  values 

^Ann.  Chcm.  Pharm.,  59,  280.    1846. 
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of  course  would  change  somewhat  upon  adoption  of  the  modeii 
between  0  and  H. 

Observations  upon  silver  acetate,  like  those  of  Liebig  and  Redtenl 
were  also  made  by  Marignac*  The  salt  was  prepared  by  di« 
silver  carbonate  in  acetic  acid,  and  repeatedly  recrystallizing.  T 
perimentS  gave  as  follows : 

3.3359  grm.  acetate  gave  2.1 561  Ag.  64.633  per  cent 

3.0527  **  1.9727  '*  64.621       *• 

Mean,  64.627,  d=  .CXJ40 

Reduced  to  a  vacuum,  this  becomes  64.609. 
In  a  second  series,  conducted  with  special  precautions  to  avo 
chanical  loss  by  spurting,  Marignac  found : 

24.717  grm.  acetate  gave  15.983  Ag.  64.665  per  cent. 

21.202  **  13.709  "  64.661       " 

31.734  "  20.521   ••  64.666       *• 

Mean,  64.664,  dz  .0010 
Or,  reduced  to  a  vacaum,  64.646 

Other  experiments,  comparable  with  the  preceding  series,  have  f 
been  published  by  Hardin,  f  who  sought  to  redetermine  the 
weight  of  silver.  Silver  acetate  and  silver  benzoate,  carefully  p 
were  subjected  to  electrolysis  in  a  platinum  dish,  and  the  perc« 
silver  so  determined.  For  the  acetate,  using  vacuum  weights,  i 
the  following  data,  the  percentage  column  being  added  by  mysd 

.32470  grm.  acetate  gave  .20987  Ag.  64.635  per  cent. 

.40566  **  .26223  '*  64.643  ** 

.52736  *•  .34086  "  64.635  " 

.60300  **  .38976  •*  64.637  ** 

.67235  "  .43455  *'  64.631  " 

.72452  "  .46830  '*  64.636  " 

.78232  '*  .50563  "  64.632  •* 

.79804  "  .51590  **  64.646  " 

.92101  '*  .59532  **  64.638  " 

1.02495  "  .66250  *'  64.637  ** 

Mean,  64.637,  db.ooil 
Combining  this  series  with  those  of  the  earlier  investigators  m 

Liebig  and  Redtenbacher 64.6065,  db  .0018 

Marignac,  ist  scries. ...    64.609,    ±  .0040 

Marignac,  2d      "     64.646,    d=  .0010 

Hardin 64.637,    rt  .001 1 

General  mean 64.636,    ±z  .0007 

♦Ann.  Chem.  Pharm,,  59,  287.    1846.  • 

t  Journ.  Amer.  Chcm.  foe.,  18, 990.    1896.  ^ 
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With  silrer  benzoate,  C^H^ AgO„  Hardin's  results  are  as  follows : 


.40858  grni.  benzoate  gave  .19255  Ag. 


.46674 
.484»9 
.62432 
.66496 

.75853 
.76918 
.81254 

.95673 
1.00840 


.21999 
.22815 
.29418 
.3>340 
.35745 
.36247 
.38286 

.45079 
.47526 


47.127  per  cent. 

47.133 
47.120 
47.120 
47.131 
47.124 
47.124 
47.  "9 
47.118 
47.130 


Mean,  47.125,  rfc  .0012 


A  different  method  of  dealing  with  organic  silver  salts  was  adopted 
by  Maumen^  *  in  1846,  for  the  purpose  of  establishing  by  reference  to 
cwbon  the  atomic  weight  of  silver.  We  will  simply  reverse  his  results 
tod  apply  them  to  the  atomic  weight  of  carbon.  He  effected  the  com- 
bwtion  of  the  acetate  and  the  oxalate  of  silver,  and,  b^  weighing  both 
the  residual  metal  and  the  carbon  dioxide  formed,  he  fixed  the  ratio 
between  these  two  substances.  In  the  case  of  the  acetate  his  weighings 
ihaw  that  for  every  gramme  of  metallic  silver  the  weights  of  CO,  were 
produced  which  are  shown  in  the  third  column : 


8.083  gnn.  Ag=   6.585  grm.  CO,. 


.8147 


II.2I5 

(< 

9.>35 

.8136 

«4.35« 

(< 

11.6935       •* 

.8148 

9.030 

it 

7.358        " 

.8148 

20.227 

it 

16.475        " 

.8145 

Mean,  .81448 

The  oxalate  of  silver,  ignited  by  itself,  decomposes  too  violently  to 
P^«?  good  results ;  and  for  this  reason  it  was  not  used  by  Liebig  and 
R^tenbacher.  Maumen6,  however,  found  that  when  tlie  salt  was  mixed 
^th  sand  the  combustion  could  be  tranquilly  effected.  The  oxalate 
«aiployed,  however,  with  the  exception  of  the  sample  represented  in  the 
"^t experiment  of  the  series,  contained  traces  of  nitrate,  so  that  these 
'Wilts  involve  slight  errors.  For  each  gramme  of  silver  the  appended 
»eight8  of  CO,  were  obtained  : 


14.299  grm. 

Ag. 

=  5.835  grm.  CO,. 

.4081 

17.754 

7.217 

.4059 

11.550 

4703 

.4072 

10.771 

4.387 

.4073 

8.674 

3.533 

.4073 

"4355 

4.658         - 

Mean, 

.4073 

.40718 

•Ann.  Chim.  Phys.  (3),  18,  41.    1846. 
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Now,  one  of  thase  salts  being  formed  by  a  bivalent  and  the  other  by  a 
univalent  acid,  we  have  to  reduce  both  to  a  common  standard.  Doing 
this,  we  have  the  following  results  for  the  ratio  between  the  atomic 
weight  of  silver  and  the  molecular  weight  of  CO, ;  if  Ag  =  1.00 : 

From  the  acetate CO,  =  .40724,  ±  .000076 

From  the  oxalate **    =.40718,1+2.000185 

General  mean CO,  =  .40723,  i  .000071 

Here  the  slight  error  due  to  the  impurity  of  the  oxalate  becomes  of 
such  trifling  weight  that  it  practically  vanishes. 

As  has  already  been  said,  the  volatility  of  silver  renders  all  the  fore- 
going results  more  or  less  uncertain.  Far  better  figures  are  furnished  by 
the  combustion  of  carbon  directly,  as  carried  out  by  Dumas  and  Stas* 
in  1840  and  by  Erdmann  and  Marchandf  in  1841.  In  both  investiga- 
tions weighed  quantities  of  diamond,  of  natural  graphite,  and  of  artificial 
graphite  were  burned  in  oxygen,  and  the  amount  of  dioxide  produced 
was  estimated  b^  the  usual  methods.  The  graphite  employed  was  puri- 
fied with  extreme  care  by  treatment  with  strong  nitric  acid  and  by  fusion 
with  caustic  alkali.  I  have  reduced  all  the  published  weighings  to  a 
common  standard,  so  as  to  show  in  the  third  column  the  amount  of 
oxygen  which  combines  with  a  unit  weight  (say  one  gramme)  of  carbon. 
Taking  Dumas  and  Stas'  results  first  in  order,  we  have  from  natural 
graphite: 

1. 000  grm.  C  gave  3.671  grm.  CO,.  2.6710 

.998  **  3.660         •*  2.6673 

.994  "  3.645         **  2.6670 

1. 216  "  4.461         **  2.6686 

1.471  *«  5.395         •'  2.6676 

Mean,  2.6683,  =t  .«»S 
With  artificial  graphite  :  • 

.992  grm.  C  gave  3.642  grm.  CO,.  2.6714 

.998  *'  3.662         **  2.6682 

1.660  "  6.085         **  2.6654 

1.465  **  5-365         "  2.6744 

Mean,  2.66985,  ±  .OD13 

And  with  diamond : 

.708  grm.  C  gave  2.598  grm.  CO,.  2.6695 

.864  "  3.1675        *•  2.6661 

1. 219  *'  4.465  "  2.6628 

1.232  *'  4.519  "  2.6680 

1.375  ••  5.041  **  2.6662 

Mean,  5.6665  ±  .0007  * 

•Compt.  Rend.,  ii.  991-1008.    Ann.  Chim.  Phys.  (3),  1,  1. 
t  Jour,  f  Prakt.  Chem.,  23,  159. 
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Erdmsnn  ftnd  Marchand's  figures  for  natural  graphite  give  the  follow- 
Dgresolts: 

1.5376  gnu.  gave  5.6367  gnu.  CO,.       2.6659 
1.6494    **    6.0384    *•  2.6609 

1.4505    "    5.31575   *'  2.6647 

In  one  experiment  1.8935  grm.  of  artificial  graphite  gave  6.9355  grin. 
0.  Ratio  for  O,  2.6628.    This,  combined  with  the  foregoing  series, 
res  a  mean  of  2.6636,  ±  .0007. 
With  the  diamond  they  found : 

.8052  giro,  gave  2.9467  gnu.  CO,.  2.6596 


.0858 

c< 

3.9875 

II 

2.6632 

.3557 

II 

4.9659 

ti 

2.6629 

.6305 

II 

5-97945 

(1 

2.6673 

.7500 

II 

2.7490 

II 

2.6653 

Mean,  2.6637,  d=  .0009 

[n  more  recent  years  the  ratio  under  consideration  has  been  carefully 
letennined  by  Roscoe,  by  Friedel,  and  by  Van  der  Plaats.  Roscoe* 
de  u«e  of  transparent  Cape  diamonds,  and  in  a  sixth  experiment  he 
raed  carbonado.  The  combustions  were  efifected  in  a  platinum  boat, 
itained  in  a  tube  of  glazed  Berlin  porcelain ;  and  in  each  case  the  ash 
8  weighed  and  its  weight  deducted  from  that  of  the  diamond.  The 
ulta  were  as  follows,  with  the  ratios  stated  as  in  the  preceding  series : 

1.2820  grm.  C  gave  4.7006  CO,.  2.6666 

1. 1254  **  4.1245    **  2.6649 

».5287  **  5.6050   **  2.6665 

.7112  *'  2.6070   **  2.6656 

1.3842  "  5.0765    '*  2.6675 

.4091  **  1.4978   **  2.6612 

Mean,  2.6654,  dr  .0006 

FriedeVs  work,t  also  upon  Cape  diamond,  was  in  all  essential  ])ar- 
culars  like  Roscoe's.     The  data,  after  deduction  of  ash,  were  as  follows  : 

.4705  grm.  C  gave  1.7208  CO,.  2.662S 

.8616  "  3.1577    "  2.6640 


Mean,  2.6634,  ±:  .0004 

By  Van  der  Plaats  J  we  have  six  experiments,  numbers  one  to  three 
n  graphite,  numbers  four  and  five  on  sugar  charcoal,  and  number  six 
n  charcoal  made  from  purified  filter  paper.  Each  variety  of  carbon 
^submitted  to  elaborate  processes  of  purification,  and  all  weights  were 

•Aw-Chhtt.  Phys.  (5),  26,  136.    Zcit.  Anal.  Chera.,  22,  306.    1883.    Compt.  Rend.,  94.  "80.     1882. 
♦  fcn.  Soc  Chim..  42,  100.    1884. 
tCo«ptR«id..  100,  52.    1885. 
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reduced  to  vacuum  standards 
joined: 

'•     5' 1217  grm*  C  gave  iS.7780  CO, 


The  data,  with  aah  dodiicted^  are  autj" 


2.  9.0532 

3.  13.0285 

4.  1^7352 

5.  19. » 335 

6.  4.4017 


2,6664 
**  2.6664 

47.7661     **  2.6663 

43.0210     **  2,6660 

70.1336     *•  ^.6655 

16.1352     **  2,6657 

Mean,  2.6660,  ±:  ,0001 


This  combiner  witli  the  previous  series  thus  : 

Dumas  and  SUs,  first  set 2.6683, 

Dumas  and  Stas^  second  set.. . .  ^ ,  2,66985,  : 

Dutnas  and  Stas,  third  set, 2,6665, 

Erdmann  and  Marchand,  first  set. ,....,...  2.6636^    : 

Erdmanu  and  Marchand,  second  set. . . .  ...  2.6637^    : 

Ro^coc , 2.6654,    : 

Friedel 2.6634,     : 

Van  der  Plaats ,  ,    .,,,..,  2. 6660, 


General  mean , . , .  2.6659,    rb  .0001 

Another  very  exact  methtid  for  determiaing  the  atotnic  weight  of  car- 
bon was  eniph)yed  by  Staa*  in   1849,     Carefully  purified  carbon  mo*l 
n oxide  was  passed  over  a  known  weight  of  copper  oxide  at  a  red  heat 
and  both  the  reaidual  metal  and  the  carbon  dioxide  formed  were  weigh edJ 
Tlie  weighings  were  reduced  to  a  vacuum  standard,  and  in  each  experi^ 
ment  a  quantity  of  copper  oxide  was  taken  representing  from  ei^bt  X€ 
twenty-four  grammes  of  oxyfren.     The  method,  as  will  at  once  be  seen,] 
is  in  all  essential  featurey  similar  to  that  usually  employed  for  determin- 
ing the  eompoBition  of  water.     The  figures  in  the  third  column,  deducedl 
from  the  weights  given  by  Stag,  represent  the  quantity  of  carbon  mo- 
noxide corresponding  to  one  gramme  of  oxygen : 

EPor  the  density  of  carbon  monoxide  the  determinations  made  bvj 
Leducf  are  available*     The  globe  used  contained  2.9440  grm.  of  air. 


9.265  BT 

T1.   0 

=  25.483  C(V 

i.75<h6 

8^327 

•' 

22,900   '* 

i.75o'«> 

13.9438 

a 

38.35"    ** 

1.75040 

IT. 6124 

f* 

3^935    '* 

1,75008 

1S.763 

*i 

5r.6o5S  - 

'75039 

19.581 

11 

53-S46S  " 

i.  74994 

22.515 

M 

61.926    »* 

1.75043 

24,360 

^* 

67.003    *• 

».  75053 

Mean,  1,75029,  ::b  .00005 


•  DiilK  Acad.  Bruxcnes,  1849  (r),  31, 
tCorapt.  Keiid.,  115,  1072,     1893. 
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Filled  with  CO,  it  held  the  following  weights,  which  give  the  accom- 
pan  jing  densities : 

»7.  CO,  Density, 

2.8470  .96705 

2.8468  .96698 

2.8469  .96702 

Mean,  .96702,  di  .000015 

Combining  this  density  with  Leduc's  determination  of  the  density  of 
bjdrogen,  0.6948,  di  .00006745,  it  gives  for  the  atomic  weight  of  carbon : 

C  =  11.957,  db.0270. 

Leduc  himself  combines  the  data  with  the  density  of  oxygen,  taken  as 
1.10503,  and  finds  C  =  11.913.  In  either  case,  however,  the  probable 
OTor  of  the  result  is  so  high  that  it  can  carry  little  weight  in  the  final 
combination. 

For  carbon,  including  all  the  foregoing  series,  we  now  have  the  sub- 
joined ratios: 


(I.)  Per  cent.  Ag  in  silver  aceUte 64.636, 

±.0007 

(2.)         " 

«« 

Urtrate 59.2806, 

d=.ooi4 

(3.)         " 

(< 

racemate..   59.2769, 

±.0012 

(4.)         " 

M 

malate 62.0016, 

±.0096 

(5.)         " 

(< 

benzoate.. .  47.125, 

±  .0012 

(6.)  Ag  :  CO, 

:  :  i.oo 

:  0.40723,  ±.000071 

17.)  C  :  0,  :  : 

I.oo  :  2 

6659,  ±  .0001 

(8.)  0:CO:  : 

I.oo: 

1.75029.^.00005 

{9.)  Den>ity  of  CO  (air=  i),  0.96702,  ±i  .000015 

Now.computing  with  O  =  15.879,  ±  .0003,  and  Ag  =  107.108,  ±  .0031, 
*e  get  nine  values  for  the  atomic  weight  of  carbon,  as  follows : 

From  (i) C  =r  11.921,  zb  .0012 


From  (2) . 
From  (3). 
From  (4) . 
From  (5). 
From  (6). 
From  (7) . 
From  (8) . 
From  (9) . 


=  11.967,  rb  .0019 
=  11.973,  =t  .0017 
=  11.972,  =b  .0098 
=^  11-917,  rb  .0008 
-r  11.860,  dr  .0077 
—  1 1. 913,  -±1  .0006 
---  1 1. 914,  lb  .0010 
^  ii.957»  ±.0270 


General  mean C  =r  1 1 .920,  :^  .0004 

^0  =  16,  this  becomes  C=  12.011. 
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SULPHUR. 


The  atomic  weight  of  sulphur  has  been  determined  by  means  of  fo 
ratios  connecting  it  with  silver*  chlorine,  oxygen,  sodium  and  curbci 
Other  ratios  have  also  been  considered,  but  they  are  hardly  applical 
here.    The  earlier  resulta  of  Berzelius  \vere  wholly  inaccurate,  and 
latL*r  exi>erinients  U|K>n  the  syn tliesis  of  lea<l  Bul(>hate  will  be  used 
discussing  thu  atomic  weight  of  lead.     Erdmann  and  >hirohand  (let 
mined  the  amount  of  calcium  sulphate  which  could  be  formed  fromj 
known  weight  of  pure  Iceland  spar;  and  later  they  made  analyses  of 
cinnabar,  in  order  to  fix  the  value  of  suljdiur  by  reference  to  ciilcium  aci 
to  mercury.    Their  results  will  be  apidied  in  this  discussion  toward  asc 
tiiining  the  atoniic  weights  of  the  metals  just  named. 

First  in  order  let  us  take  up  the  composition  of  silver  sulphide, 
directly  detenoined  by  Dumas,  Stas,  and  Cooke.     Dumas'*  experimejJ 
w^ere  made  with  sulphur  which  had  been  thrice  distilletl  and  twice  cryi 
tuliized  from  carlKto  disiilphide.     A  known  weight  of  silver  was  heatc 
in  a  tube  in  the  vapor  of  the  sulphur,  the  excess  of  the  latter  was  distilled 
away  in  a  current  of  carl)on  dioxide,  and  the  resulting  silver  sulp!iidj 
was  weighed, 

I  subjoin  Dumas'  weighings,  and  also  the  quantity  of  Ag^S  proportioiii 
to  lifO  parts  of  Ag,  as  deduced  from  tliem : 


9  9393grm.  Ag=^  1.473    ^* 

Ralio,  114,820 

9-962            "           K4755  ** 

"      114,811 

30.637            »»          4.546    *' 

*•      114,83s 

30.936            *•          4.586    •• 

'*      114824 

30,720            '•          4.554    •* 

'*      114.824 

Mean,  114.8234^  ±i  .0029 

Dumas  used  from  ten  to  thirty  grammes  of  silver  in  each  experiuientr 

Stas,  t  however,  in  his  w^ork  etnployed  from  sixty  to  two  hundred  and 

fifty  grammes  at  a  time.     Three  of  J>tas'  determinations  were  made  b| 

Dumas'  method,  while  in  the  other  two  the  sulphur  was  replaced  by  pur 

sulphuretted  hydrogen.     In  all  cases  the  excess  of  sulphur  was  expelle 

by  carbon  dioxide,  puriHed  with  scrupulous  care.     Impurities  in  thd 

dioxide  may  cause  eerif>us  error.     The  tive  results  come  out  as  foUov 

for  1< X)  parts  of  silver : 

114.854 

114853 
114^854 
1 14,85 1 
114,849 

Mean,  114.8522,  :ir  .OO07 

•Atin.  Chem.  Pbarm.,  113,  24.    1860. 
t  Aronstcin'ft  translation,  p,  179. 
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Tbe experiments  made  by  Professor  Cooke*  with  reference.to  this  ratio 
^ereonly  incidental  to  his  elaborate  researches  upon  the  atomic  weight 
of  antimony.     They  are  interesting,  however,  for  two  reasons :  they  serve 
to  illustrate  the  volatility  of  silver,  and  they  represent,  not  syntheses, 
but  reductions  of  the  sulphide  by  hydrogen.     Cooke  gives  three  series  of 
rwults.    In  the  first  the  silver  sulphide  was  long  heated  to  full  redness 
in  a  current  of  hydrogen.     Highly  concordant  and  at  the  same  time 
plainly  erroneous  figures  were  obtained,  the  error  being  eventually  traced 
V)  the  feet  that  some  of  the  reduced  silver,  although  not  heated  to  its 
Eoelting  point,  was  actually  volatilized  and  lost.     The  second  series,  from 
ndoctions  at  low  redness,  are  decidedly  better.     In  the  third  series  the 
wdphide  was  fully  reduced  below  a  visible  red  heat.     Rejecting  the  first 
leries,  we  have  from  Cooke's  figures  in  the  other  two  the  subjoined  quan- 
tities of  sulphide  corresponding  to  100  parts  of  silver: 

7.541 1  gnn.  Ag,S  lost  .9773  grm.  S.         Ratio,  114.889 
5.0364  *•  .6524       '*  "      114.882 


2.58»5            "           .3345      " 
2.6130            ••           .3387      " 
2.5724            "           .3334      " 

»♦      114.886 
"      114.892 
•'      1 14.891 

Mean,  114.888,  : 

1. 1357  gnn.  Ag,S  lost  .1465  S. 
1.2936             '*             .1670" 

Ratio,  1 14.810 
"      114.823 

Mean,  1 14.8165, 

.0044 


Now.  combining  all  four  series,  we  get  the  following  results : 

Dumas 114.8234,  ii  .0029 

Sits 114.8522,  rb  .0007 

Cooke's  2d 114.8S8,    rb  .0012 

Cooke's  3d 1 14.8165,  =sr  .0044 


General  mean 114.85S1,  zt  .0006 

Here  again  we  encounter  a  curious  and  instructive  conii)ensation  of 
•''ors.and  another  evidence  of  the  accuracy  of  Stai^. 

Tbe  percentage  of  silver  in  silver  sulphate  has  been  determined  by 
^^eand  by  Stas.  Struve  t  reduced  the  sulphate  by  heating  in  a  cur- 
^^^^  hydrogen,  and  obtained  these  results  : 


5.1860  grm.  AgySO^  gave  3.5910  grm.  Ag. 
6.0543  **  4.1922 

8.6465  •*  5.9858 

11.6460  "  8.0608 

9.1090  *'  6.3045 

9.0669  **  6  2778 


69.244  per  cent. 

69.243 
69.22S 
69.215 
69.212 
69.239 


Mean,  69.230,  ±z  .004 


•  Proc  Amer.  Acad,  of  Arts  of  Sciences,  vol.  12. 
t  Ann.  Chem.  Pharm.,  80.  203.     1^51. 
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Stas  *  working  by  essentially  the  same  raethod,  with  from  5G  to  83 
grammes  of  sulphate  at  a  time,  found  these  percentages: 

69.200 
69.197 
69.204 
69.209 
69.207 
69.202 


Mean,  69,203,  d=  .0012 

Combining  this  mean  with  that  from  Struve'a  series,  we  get  a  genera 
mean  of  69.21)5,  ihWlL 

The  third  sulphur  ratio  with  which  we  have  now  lo  deal  i§  one 
minor  importance.     When  silver  eliloride  is  heated  in  a  current  of  sul 
]ihurett(i*d  hydrogen  the  sulphide  is  formed.     This  reaction  was  applie 
by  Berzeliusf  to  determining  the  atomic  weight  of  sulphur.     He  give 
the  results  of  four  experiments  ;  but  the  fourth  varies  so  wideh'"  from  ihi 
others  that  I  have  rejected  it.     I  have  reason  to  believe  that  the  varia 
tion  is  due,  not  to  error  in  experimentj  but  to  error  in  printing;  never 
til  el  ess,  as  1  am  uiuiblo  to  track  out  the  cause  of  the  mistake,  I  mua 
exclude  the  ligurcs  involving  it  entircdy  from  our  discussion. 

The  three  available  experiments,  however,  give  the  following  results; 
The  last  column  contains  the  ratio  of  silver  sulpliide  to  UHJ  part^ 
chloride. 

6.6075  &»™*  AgCl  gave  5.715  gnn,  AgjS.  86.47S 

9.2323  **  7-9S335      '•  S6,47i 

10.1775  •♦  8.80075      »*  86472 

Mean,  S6.4737,  ±:  .0015 

We  have  also  a  single  determination  of  this  value  by  Svanberg  and 
Struve.J  After  converting  the  chloride  into  sulphide  they  dissolvetl  thd 
latter  in  nitric  acid.  A  triiliiig  residue  of  chloride,  which  had  been 
enclosed  in  sulphide,  and  so  protected  against  change,  was  let!  undii 
solved.  Hence  a  slight  constant  error  probably  affects  this  whole  ratid 
The  experiment  of  Svanberg  and  Struve  gave  86,472  per  cent,  of  silve 
sulphide  derived  from  1(X)  of  cliloride.  If  we  assign  this  figure  ef|Ua 
weight  with  the  results  of  Berzelius,  and  combine,  we  get  a  general  uieaH 
of  86.4733,  ib.CXni. 

The  work  done  by  Richards  §  relative  to  the  atomic  weight  of  sulphuij 
is  of  a  different  order  from  any  of  the  preceding  determinations.    Sodiur 
carbonate  was  converted  into  sodium  sulphate,  fixing  the  ratio  Na,C0t5 
NajSO, :  :  100 :  x.    The  data  are  as  follows,  with  vacuum  weights  : 

*  Aronateiu**  transUUon,  pp.  314-118. 

f  Benelius'  Lchrttuch,  5tti  cd.,  voL  3,  p.  irS;. 

I  Joum,  PrakL  Chcm.,  44,  jao.     1848, 

I  rrocL  Amer.  Acad.,  a6,  268.    tS^t. 
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Na^COy  Na^O^,  Ratio, 

1.29930  1.74113  134.005 

3.18620  4.26790  133.950 

1.01750  1.36330  133.985 

2.07680  2.78260  133.985 

1.22427  1.63994  133952 

1.77953  2.38465  134.005 

2.04412  2.73920  134.004 

3.06140  •  4.10220  133997 

Mean,  133.985,  ±  .0055 

The  available  ratios  for  sulphur  are  now  as  follows : 

(I.)  Afir,  :  Ag,S  :  :  100  :  1 14.8581,  ib  .0006 
(2.)  Per  cent.  Ag  in  Ag,S04,  69.205,  di  .0011 
(3.)  2  AgCl  :  Ag,S  :  :  100  :  86.4733,  ±  .0011 
(4.)  Na,CO,  :  Na^SO^  :  :  100  :  133.985,  =b  .0055 

From  these  ratios,  four  values  for  the  atomic  weight  of  sulphur  are 
<Wucible.   Calculating  with— 

O  =  15.879,  =t. 0003 
Ag  =  107.108,  ±.  .0031 
Cl  =  35-179,  ±  -0048 
Na  =  22.881,  ±  .0046 
C  =  11.920,  lb  .0004 
AgCl  =  142.287,  ±z  .0037, 

we  have : 

From  (i) S  =  31.828,  ±  .0016 

From  (2) "  1:^31.806,  ^=.0048 

From  (3) *  *  =  3 1  864,  ±:  .0086 

From  (4) «'--zr  31.835,  ±.0191 

General  mean S  —  31.828,  ±z  .0015 

If 0  =  16,  S  =  32.070.  From  Stas'  ratios  alone,  Stas  found  32.074; 
^»»li 32.0626;  Van  der  Plaats,  (A)  32.0576,  (H)  32.0590,  and  Thom- 
*^  32,0606.    Here  again  Stas' determinations  far  outweigh  all  others. 
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LITHIUM. 


The  eiirlier  determinations  of  tlie  atomic  wciglit  onitlnnnj  by  ArtVe 
son,  8troiae3'er,  C.  G,  Gtnelin,  and   Krulnvanzky  ^vere  all  erroneou 
because  of  the  presence  of  sodium  compounds  in  the  material  employe 
The  results  of  Bcrzelius,  Haj^en,  nnd  Hermann  were  also  incorrect,  an| 
need  no  further  nutice  here.     The  only  invesitigations  which  we  need 
consider  are  thoae  of  Mallet,  Diehl,  Troost,  Stas,  and  Dittmar. 

^lallet's  experiments'^  were  conducted  upon  lithium  chloride,  whic 
had  been  purified  as  completely  us  possible.  In  two  trials  the  chloric 
was  precipit:ited  by  nitrate  of  silver,  which  was  collected  upon  a  filter 
and  e-^timated  in  the  ordinary  way.  The  figures  in  the  third  column 
represent  the  LiCI  proportional  to  KM)  parts  of  AgCl : 

7.1885  grm.  liCI  gave  24.3086  grm.  AgCI*  59.606 

8.5947  '*  29.0621  "  29*574 

In  a  third  experiment  the  LiCI  was  titrated  with  a  standard  soluti 
of  silver     3.91)42  grm.  LiCI  balanced  10.1702  gnn.  Ag,  equivalent 
laoll  j^rm.  AgCL     Hence  KX)  AgCl  =  29.563  LiCL     Mean  of  all  thi 
experifnents,  21J.581,  ib  .0087. 

DiehLt  whoso  ])aper  begins  with  a  good  renume  of  all  the  earli 
determinations,  describes  experiments  made  with  lithium  carbona 
This  salt,  which  was  spectroscopically  pure,  was  dried  at  130°  bofoi 
weighing.  It  was  then  placed  in  an  apparatus  from  which  the  carboi 
dioxide  generated  l)y  the  action  of  pure  sulphuric  acid  upon  it  could  be 
expelled,  and  the  loss  of  weight  determinetl.  From  this  loss  the  foUo 
ing  percentages  of  CO^  in  Li^CO.,  were  deterrniued : 

59.4" 
59.404 
59.440 
59.401 


I 


Mc 


.  59  4«7»db.oo6 


DiehTs  investigation  was  quickly  followed  by  a  confirmation  froJ 
I  Troost.J  Tliis  chemist,  in  an  earlier  pftper§  had  snuglit  tu  fix  the  atom! 
weight  of  lithium  by  an  analysis  of  the  sulphate,  and  had  found  a  vah 
not  far  from  6.5,  thus  confirming  the  results  of  Rerzelius  and  of  Hagei^ 
who  had  employed  the  same  method.  But  Diehl  showed  that  the  BaS( 
precij»it<ited  from  Li^SO^  always  reUiined  traces  of  Li,  which  were  recc 

*SilliiiiAii*s  Amrr.  Jouraal,  November*  1856.    Chem.  Gaxette,  15.  7. 

f  .4tj«.  Chcm.  Phftrm.,  rai«93- 

JZcit.  AnaL  Chciii,,  1,40a, 

I  Annates  i|.  Cbiin,  rt  d.  Phj's.,  51. 10*. 
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Triable  by  spectral  analysis,  and  which  accounted  for  the  error.  In  the 
IJUer paper  Troost  made  use  of  the  chloride  and  the  carbonate  of  lithium, 
both  spectroscopically  pure.  The  carbonate  was  strongly  ignited  with 
pore  quartz  powder,  thus  losing  carbon  dioxide,  which  loss  was  easily 
etimated.    The  subjoined  results  were  obtained : 

.970  grm.  LijCO,  lost  .577  grm.  CO,.  59.485  per  ceijt. 

1.782  •*  1.059        **  59427       ** 

Mean,  59.456,  di  .020 

The  lithium  chloride  employed  by  Troost  was  heated  in  a  stream  of 
dry  hydrochloric  acid  gas,  of  which  the  excess,  after  cooling,  was  ex- 
pelled by  a  current  of  dry  air.  The  salt  was  weighed  in  the  same  tube 
in  which  the  forgoing  operations  had  been  performed,  and  the  chlorine 
ta?  then  estimated  as  silver  chloride.  The  usual  ratio  between  LiCl 
MHJ 100  parts  of  AgCl  is  given  in  the  third  column : 

1.509  gnn.  LiCI  gave  4.420  grm.  AgCl.  29  615 

2.750  •*  9.300        *•  29.570 


Mean,  29.5925,  db  .0145 

This,  combined  with  Mallet's  mean,  29.581,  ±.  .0087,  gives  a  general 
mean  of  59.584,  db  .0075. 

Next  in  order  is  the  work  of  Stas,*  which  was  executed  with  his  usual 
tonderful  accuracy.  In  three  titrations,  in  which  all  the  weights  were 
wduced  to  a  vacuum  standard,  the  following  quantities  of  LiCl  balanced 
100  parts  of  pure  silver : 

39.356 
39.357 
39-361 

Mean,  39.358,  ib  .001 

Inaewond  series  of  experiments,  intended  for  determining  the  atomic 
^^iiiht  of  nitrogen,  LiCl  was  converted  into  LiNOj.  The  method  was 
^t  employed  for  a  similar  purpose  with  the  chlorides  of  sodium  and 
of  potassium.    One  hundred  parts  of  LiCl  gave  of  LiNOa: 

162.58S 
162  600 
162.598 

Mean,  162.5953,  dr  .0025 

The  determinations  of  Dittmarf  resemble  those  of  Diehl;  but  the 
"thium  carbonate  used  was  dehydrated  by  fusion  in  an  atmosphere  of 
^Aon  dioxide.     The  carbonate  was  treated  with  sulplniric  acid,  and 

•Aronstein's  translation,  279-302. 

t Trans.  Roy.  Soc.  Edinburgh,  35,  II,  429.     18.S9. 
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the  COj  was  collected  and  weighed  in  an  absorption  apparatqi 
was  tared  by  a  similar  apparatus  after  the  method  of  R^nu 
following  percentages  of  CO,  in  Li,COj  were  found : 

59.601 

59.645 

59.529 — rejected. 

59.655 
59.683 
59.604 
59.5«7 
59.663  . 
60.143 — rejected. 
59.794 
59.584 


Mean  of  all,  59.674 

Rejecting  the  two  experiments  which  Dittmar  regards  as 
worthy,  the  mean  of  the  remaining  nine  becomes  59.638,  ±.  .017 
combines  with  the  work  of  Diehl  and  Troost,  as  follows : 

Diehl 59.417,  it  .0060 

Troost 59.456,  dt  .0200 

Dittmar 59.638,  d=  .0173 

General  mean 59*442,  dr  .0054 

"  Dittmar's  determinations  give  a  much  lower  value  for  th€ 
weight  of  lithium  than  any  of  the  others,  and  therefore  seem  to 
tionable.  As,  however,  they  carry  little  weight  in  the  general  c 
tion,  it  is  not  necessary  to  speculate  upon  their  possible  sources 
The  ratios  for  lithium  are  now  as  follows : 

(l.)  AgCl  :  LiCl  :  :  100  :  29.584,  zb  .0075 

(2.)  Ag  :  LiCl  :  :  lOO  ;  39.358,  zt  .OOl. 

(3.)  LiCl  :  LiNO,  :  :  100  :  162.5953,  rb  .0025 

(4.)  Per  cent,  of  CO,  in  Li^COj,  59.442,  ±:  .0054 

And  the  data  to  use  in  their  reduction  are — 

O  =  15.879,  dr. 0003  N   =  I3.935»  =4:  OO'S 

Ag=  107.108,  rb  .0031  C    =  11.920,  dr  .0004 

CI  =  35. 179,  rb  .0048  AgCl  =  142.287,  d:  .OO37 

These  factors  give  two  values  for  the  molecular  weight  oH 
chloride,  thus : 

From  (i) LiCl  =  42.0942,  rfc  .Olio 

From  (2) *•     =42.1556,  rb. 001 6 

General  mean LiCl  =r  42. 1542,  ±:  .OOI^ 
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Yor  lithiam  itself  there  are  three  values  : 

From  molecular  weight  LiCl Li  =  6.9752,  db  .005 1 

From  (3^ •*  =6.9855,^.0129 

From  (4) "  =  6.9628,  d:  .0077 

General  mean Li  =  6.9729,  dr  .0040 

If  0  =  16,  Li  =  7.026.    From  Stas'  ratios,  Stas  found  Li  =  7.022 ;  Ost- 
waM. 7.0303;  Van  der  Plaats  (A),  7.0273;  (B),  7.0235;  and  Thomsen, 

7.0307. 


RUBIDIUM. 


The  atomic  weight  of  rubidium  has  been  determined  by  Bunsen,  Pic- 
cani.Godeffroy,  and  Heycock  from  analyses  of  the  chloride  and  bromide. 

Bunsen  *  employing  ordinary  gravimetric  methods,  estimated  the  ratio 
l«tween  AgCl  and  RbCl.  His  rubidium  chloride  was  purified  by  frac- 
tional crystallization  of  the  chloroplatinate.  He  obtained  the  following 
iwults,  to  which,  in  a  third  column,  I  add  the  ratio  between  RbCl  and 
100  parts  of  AgCl: 

One  grm.  RbCl  gave  1. 1873  g''""*  AgCl.  84.225 

1. 1873  ••  84.225 

1.1850  "  84.388 

1. 1880  **  84.175 

Mean,  84.253,  ih  .031 

The  work  of  Piccardf  was  similar  to  that  of  Bunsen.  In  weighing, 
the  cracii)le  containing  the  silver  chloride  was  balanced  by  a  precisely 
ftmilar  crucible,  in  order  to  avoid  the  correction  for  displacement  of  air. 
Thefilwr  was  burned  separately  from  the  AgCl,  as  usual ;  but  the  small 
*nioantof  material  adhering  to  the  ash  was  reckoned  as  metallic  silver. 
Tberal)iJium  chloride  was  purified  by  Bunsen's  method.  The  results, 
wpresisetl  according  to  the  foregoing  standard,  are  as  follows  : 

1.1587  grm.  RbCl  =  1.372  AgCl  -f  .CX)I9  Ag.  84.300 

1.4055  **  1.6632     "  .0030    "  84.303 

i.ooi  •*  1. 1850    "  .0024    ••  84.245 

1.5141  '♦  1.7934    '*  .0018    "  84.313 

Mean,  84.290,  =b  .0105 

Go(leffroy,J  starting   with   material  containing  both   rubidium  and 

•Zeit.  Anal.  Chem.,  i,  136.    Poggeud.  Autial.,  113,  339.     1S61. 

t  Joum.  far  Prakt.  Chcra.,  86,  4*4.     1S62.    Zeit.  Anal.  Chem.,  1,  518, 

t  Ann.  Chem.  Pharm.,  181,  185.    1S76. 
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Cfesium,  separated  the  two  metals  by  fractional  crystallization  0 
alums,  and  obtained  salts  of  each  spectroscopically  pure.  Th« 
acid  employed  was  tested  for  chlorine  and  found  to  be  free  fina 
impurity,  and  the  weights  used  were  especially  verified.  In  two 
analyses  of  RbCl  the  AgCl  was  handled  by  the  ordinary  process  ol 
tion.  In  the  other  two  it  was  washed  by  decantation,  dried,  and  w 
in  a  glass  dish.    The  usual  ratio  is  appended  in  the  third  column 

^4055  grm.  RbCl  gave  1.6665  g"".  AgCl.  84.338 

1.8096  •*  2.1461         '*  84320 

2.2473  "  2.665  "  84.326 

2.273  "  2.6946         «*  84.354 

Mean,  84.3345,  d= .« 

Combining  the  three  series,  we  get  the  following  result : 

Bunsen 84.253,    ±.031         Rb  =  84.702 

Piccard 84.290,    ifc  .0105        "   =84.754 

Godeffroy . .' 84.3345,^.0051         "   =84.817 

General  mean 84.324,    ±  .0045 

Heycock  *  worked  by  two  methods,  but  unfortunately  his  resi 
given  only  in  abstract,  without  details.  First,  silver  solution  wa< 
in  slight  deficiency  to  a  solution  of  rubidium  chloride,  and  the 
of  the  latter  was  measured  by  titration.  The  mean  of  seven  expei 
gave — 

Ag  :  RbCl  :  :  107.93  •  ' 20.801 

Hence  Rb  =  84.702. 

Two  similar  experiments  with  the  bromide  gave — 

Ag  :  RbBr  :  :  107.93  :  165.437 
Ag  :  RbBr  :  :  107.93  '  '65.342 

Mean,  165.3895,  ±  .0320 
There  are  now  three  ratios  for  the  metal  rubidium,  as  follows: 

(1.)  AgCl  :  RbCl  :  :  100 :  84.324,  ±  .0045 

(2.)  Ag  :  RbCl  :  :  107.93  :  120.801 

(3.)  Ag  :  RbBr  :  :  107.93  :  "65.3895,  d=  .0320 

To  reduce  these  ratios  we  have — 

Ag  =107.108,1*2.0031 
Br  =  79.344,  :+=  .0062 
CI  =  35.179,  ±:.0048 
AgCl  =  142.287,  dz  .0037 

*  British  Association  Report,  1882,  p.  499. 
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For  the  molecular  weight  of  RbCl,  two  values  are  calculable : 

From  (l) RbCl=  1 19.981,  zh  .0109 

From  (2) '*     =  119.881,  zb  .0218 

General  mean RbCl  =  1 19.961,  d:  .0097 

To  the  value  from  ratio  (2)  I  have  arbitrarily  assigned  a  weight  rep- 
resented by  the  probable  error  as  written  above.  The  data  for  system- 
atic weighting  are  deficient,  and  no  other  course  of  procedure  seemed 

adrisable. 

From  KhCi Rb  =  84.782,  i  .0109 

From  RbBr,  ratio  (3) '*   =  84.786,  ±:  .0329 

General  mean Rb  =r  84.783,  ±  .0103 

If  0=  16,  Rb==  85.429. 


CESIUM. 


The  atomic  weight  of  ccesium,  like  that  of  rubidium,  has  been  deter- 
mined from  the  analysis  of  the  chloride.  The  earliest  determination, 
1»T  Bunsen  *  was  incorrect,  because  of  impurity  in  the  material  em])loyed. 

In  1863  Johnson  and  Allen  published  their  results.f  Their  material 
^as  extracted  from  the  lepidolite  of  Hebron,  Maine,  and  the  caesium  was 
separated  from  the  rubidium  as  bitartrate.  From  the  ]>ure  cftsium 
Vitartrate  cajsium  chloride  was  prepared,  and  in  this  the  chlorine  \\i\^ 
tttiinated  as  silver  chloride  by  the  usual  gravimetric  method.  Reducing 
their  results  to  the  convenient  standard  adopted  in  ])receding  chapters, 
behave, in  a  third  column,  the  quantities  of  CsCl  e(iuivalent  to  KK) 
Flirts  of  AgCl : 

1-8371  grm.  CsCl  gave  I.5634  grm.  AgCl.  ii7-507 

2.1295              **              1.8111           **  117-580 

2.7018              **              2.2992           "  1 17.51 1 

I.56165            **              1.3302           •*  117.399 

Mean,  117.499,  db  .025 

shortly  after  the  results  of  Johnson  and  Allen  appeared  a  new  series 
of  estimations  was  published  by  Bunsen.J  His  caesium  chloride  was 
ponfied  by  repeated  crystallizations  of  the  chloroplatinate,  and  the  ordi- 

•Zcit.  Anal.  Chcra..  1,  137. 

t  Amer.  Journ.  Sci.  and  Arts  (2),  35,  94. 

I  Poggend.  Annalen,  119.  i.    1S63. 


90  THE   ATOMIC   WEIGHTS. 

nary  gravimetric  process  was  employed.     The  following  results  reproM 
respectively,  material  thrice,  four  times,  and  five  times  purified : 

'•3835  grm.  CsCI  gave  1.1781  grm.  AgCl.      Ratio,  117.435 
1.3682  **  1. 1644  **  "       II7.503 

1.2478  **  1.0623  '*  "       117.462 

.Mean,  117.467,  db. 013 

Godeffroy'a  work*  was,  in  its  details  of  *  manipulation,  sufficieni 
described  under  rubidium.  In  three  of  the  experiments  upon  csaA 
the  silver  chloride  was  washed  by  decantation,  and  in  one  it  was  c 
lected  upon  a  filter.     The  results  are  subjoined  : 

I- 5825  grm.  CsCl  gave  1.351    grm.  AgCI.  Ratio,  1 17. 1 35 

1.3487              **              1. 1501        **  "      117.265 

1. 1880              **              1.0141        **  **      I17.148 

1.2309              **              1.051          **  **      117.107 

Mean,  Ii7.i64,*d=  .023 

We  may  now  combine  the  three  series  to  form  a  general  mean : 

Johnson  and  Allen  ....   1 17.499,  zb  .025         Cs  ==  132.007 

Bunsen 117.467,^1.013  **=  131.961 

Godeffroy 1 17. 164,  d:  .023  **=  131.560 

General  mean. . .   1 17.413,  db  .010 

Hence,  if  AgCl  =  142.287,  ±:  .0337,  and  CI  =  35.179,  ±  .(XU8,  Oi 
131.885,  =t  .0142. 
If  0=16,  Cs=  132.890. 

♦  Ann.  Chem.  Pharm.,  181,  185.    1876. 
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COPPER. 


The  atomic  weight  of  copper  has  been  chiefly  determined  by  means  of 
the  oxide,  the  sulphate,  and  the  bromide,  and  by  direct  comparison  of 
the  metal  with  silver. 

In  dealing  with  the  first-named  compound  all  experimenters  have 
igreed  in  reducing  it  with  a  current  of  hydrogen,  and  weighing  the 
metal  thus  set  free. 

The  earliest  experiments  of  any  value  were  those  of  Berzelius  *  whose 
results  were  as  follows : 

7.68075  gnm.  CuO  lost  1.55   grm.  O.         79.820  per  cent.  Cu  in  CuO. 
^.6115  "  1.939      *«  79.826         •*  ** 


Mean,  79.823,  =h  .002  ^ 

Enlmann  and  Marchand,t  who  come  next  in  chronological  order, 
corrected  their  results  for  weighing  in  air.  Their  weighings,  thus  cor- 
rected, give  us  the  subjoined  percentages  of  metal  in  CuO : 

63.8962  grm.  CuO  gave  51.0391  grm.  Cu.  79.878  per  cent. 

65.1590  "  520363        "  79.860       " 

6a  2878  "  48.1540        "  79.874       " 

46.2700  •«  36-9449        "  79846       '* 


Mean,  79.8645,  d=  .0038 

^till  later  we  find  a  few  analyses  by  Millon  and  Commaille.  J  These 
rtembts  not  only  reduced  the  oxide  by  hydrojjjen,  but  they  also  weighed, 
Jna<idition  to  the  metallic  copper,  the  water  formed  in  the  experiments. 
In  three  determinations  the  results  were  as  follows  : 

^7M5g"n.  CuO  gave  5.3565  grm.  Cu  and  1. 5325  grm.  HjO.       79775  per  cent. 

yms        **         2.7085         "         .7680      "  79.791 

2.78S0        ••         2.2240        *'  79.770     '• 

Mean,  79.7787,  dr  .0043 

^^^  the  third  of  these  analyses  the  water  estimation  was  not  made, 
"Ut  for  the  other  two  it  yielded  results  which,  in  the  mean,  would  make 
tneaumiic  weight  of  copper  62.6S0.  This  figure  has  so  high  a  probable 
^^rthat  we  need  not  consider  it  further. 

T^erwiilts  obtained  by  Dumas  §  are  wholly  unavailable.  Indeed,  he 
does  not  even  publi.sh  them  in  detail.  He  riKMvly  says  that  he  reduced 
^^pper oxide, and  also  effected  the  synthesis  of  tiie  subsulpbide,  but  with- 
*witgettin<r  figures  which  were  wholly  concordant.     He  i)uts  Cu  =  ()3.5. 

•PoRgend.  Aniial.,  8,  177.     1826. 
t  Joum.  fQr  Prakt.  Cheni..  31.  380.     1S44. 
JFrcscnius'  Zeitschrifl.  2,  475.     1863. 
j  Ann.  Chim.  et  Phys.  (3),  55,  129.     1859. 
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In  1873  Hampe*  published  his  careful  determinations,  which  tw 
for  many  years  almost  unqualifiedly  accepted.  First,  he  attempted 
estimate  the  atomic  weight  of  copper  by  the  quantity  of  silver  wM 
the  pure  metal  could  precipitate  from  its  solutions.  This  attempt  Mi 
to  give  satisfactory  results,  and  he  fell  back  upon  the  old  method^ 
reducing  the  oxide.  From  ten  to  twenty  grammes  of  material  wi 
taken  in  each  experiment,  and  the  weights  were  reduced  to  a  vacai 
standard : 

20.3260  grm.  CuO  gave  16.2279  grm*  ^^'  79-838  per  ccni. 

20.68851  «'  16.51669       *'  79.835       '* 

10.10793  *'  8.06926       "  79.831       ** 

Mean,  79-8347,  ±  .«>I3 

Hampe  also  determined  the  quantity  of  copper  in  the  anhydrous  f 
phate,  CuSO^.  From  40  to  45  grammes  of  the  salt  were  taken  at  a  til 
the  metal  was  thrown  down  by  electrolysis,  and  the  weights  were 
corrected.     I  subjoin  the  results : 

40.40300  grm.  CuSO^  gave  16.04958  grm.  Cu.       39.724  per  cent 
44.64280  "  17.73466        **  39.726       " 

Mean,  39.725,  ±  .0007 

The  last  series  of  data  gives  Cu  =62.839,  ±  .003-5,  and  is  interest 
for  comparison  with  results  obtained  by  Richards  later. 

In  all  of  the  foregoing  experiments  with  copper  oxide,  thatcomj)Oil 
was  obtained  by  ignition  of  the  ba.sic  nitrate.  But,  as  was  shown  in  i 
chapter  upon  oxygen,  copper  oxide  so  prepared  always  carries  occlud 
gases,  which  are  not  wholly  expelled  by  heat.  This  point  was  thorough 
worked  up  by  Richards  f  in  his  fourth  memoir  upon  the  atomic  we^j 
of  copper,  and  it  vitiates  all  the  determinations  previously  made  bytl 
method. 

By  a  series  of  experiments  with  copper  oxide  ignited  at  varyinjijtei 
])eratures,  and  with  different  degrees  of  heat  during  the  process  of  redo 
tion,  Richards  obtained  values  for  Cu  ranging  from  63.20  to  63.62,  wh 
0  =  16.  In  two  cases  selected  from  this  series  he  measured  the  anioa 
of  gaseous  impurity,  and  corrected  the  results  previously  obtained.  T 
results  were  as  follows,  with  vacuum  standards : 

I  06253  grm.  CuO  gave.    .84831  grm.  Cu.  79.802  per  cent. 

1. 91656  '*  1.5298  **  79.820       " 

Mean,  79.811,  d=  .0061 

Correcting  for  the  occluded  gases  in  the  oxide,  the  sum  of  thet 
exj)ennientp  gives  79.901  per  cent,  of  copper,  whence  Cu  =  63.605.   Th 

•  Frcsenius'  Zeitschria.  15.  352. 
t  Proc.  Amer.  Acad.,  a6,  276.    1891. 
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other  indirect  results,  similarly  corrected,  gave  79.900  per  cent.  Cu  in 
CdO,  or  Cu  «  63.603.  If  we  assign  all  five  experiments  equal  weight, 
iod  judge  their  value  by  the  two  detailed  above,  the  mean  percentage 
become*  79.900,  db  .0038.  This  figure  need  not  be  combined  with  the 
dila  given  by  previous  observers,  so  far  as  practical  purposes  are  con- 
cerned ;  but  as  this  work  is,  in  part  at  least,  a  study  of  the  compensation 
of  errors,  it  may  not  be  wasted  time  to  effect  the  combination,  as  follows : 

Benelias 79-823,    db  .0020 

Erdmann  and  Marchand 79.8645,  dr  .0038 

MUlon  and  Commaille 79-7787,  :±.  .0043 

Hampc 79-8347,^.0013 

Richards 79.9^>o,    ±  .0038 

General  mean 79.8355,  ±  .0010 

Thw  result  is  practically  identical  with  that  of  Hami)e,  whose  work 
receives  excessive  weight,  as  does  also  that  of  Berzelius.  The  oxide  of 
w»|ier  is  evidently  of  doubtful  value  in  the  measurement  of  this  atomic 

The  composition  of  the  sulphate  has  been  studied,  not  only  by  Hampe, 
Wialso  by  Baubigny*  and  by  Richards.t  Baubigny  merely  ignited 
the  anhydrous  salt,  weighing  both  it  and  the  residual  oxide,  as  follows : 

4.022  grin.  CuSO^  gave  2.0035  ^^O.  49.813  per  cent. 

2.596  "  1.293      **  49807       " 

Mean,  49.810,  ±:  .002 

The  dame  ratio,  in  reverse — that  is,  the  synthesis  of  the  sulphate  from 
tbt  oxide — was  investigated  by  Richards  (p.  27-5),  who  shows  that  the 
faults  obtaine<l  are  vitiated  by  the  same  errors  which  aflect  the  copper 
oxi^le  experiments  previously  cited.  The  weights  given  are  reduced  to 
^scuum  standards.  The  percentage  of  oxide  in  the  sulphate  is  stated  in 
Ihethird  column  of  figures. 

1.00S4  grm.  CuO  gave  2.0235  grm.  CuSO^.  49835  per  cent. 

2.7292  '♦  5-4770  "  49.S30       " 

I.0144  ••  2.0350  "  49«48       ** 

Mean,  49.838,  rt  .0036 

The  two  series  combine  thus : 

Biobigny 49810,  =b  .0020 

Richards.. 49-838,  ±:  .0036 

General  mean 49-8i^  zb  .0017 

Here,  plainly,  the  rigorous  discussion  gives  Bauhigny's  work  wei<^^ht 
"iexc€8.sof  its  merits. 

•Compt.  Rend..  97.  906.     1S83. 
fProc.  Amer.  Acad..  26,  240.     1891. 
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In  the  memoir  by  Richards  now  under  consideration,  his  fouili 
copper,  the  greater  part  of  his  attention  is  devoted  to  the  so^ 
Hampe  being  followed  closely  in  order  to  ascertain  what  soon 
error  affected  the  work  of  the  latter.  CryBtallized  sulphate,  CoS^ 
was  purified  with  every  precaution  and  made  the  basis  of  open 
Three  series  of  experiments  were  carried  out,  the  water  being  deten 
by  loss  of  weight  upon  heating,  and  the  copper  being  estimated  d 
lytically.  In  the  first  series  the  following  data  were  found,  thew 
being  reduced  to  a  vacuum,  as  in  all  of  Richards'  determinations: 


CuSO,.  s  «^. 

CuSO^  at  2so\ 

Cu, 

2.8815 

.7337 

2.7152 

.6911 

3.4639 

2.2184 

.8817 

percentages. 

Water  at  230"", 

Cu  in  Ctyst.  Salt, 
25.462 
25.452 

Cu  in  CuSO^ 

35.95« 

25.454 

39.745 

^lean,  25.456 

In  the  second  series  of  analyses,  which  are  stated  with  much 
several  refinements  were  introduced,  in  order  to  estimate  also  tb 
phuric  acid.     These  will  be  considered  later.     The  results,  given  1 
are  numbered  consecutively  with  the  former  series. 

CuSO^.  s  aq^    CuSO^  at  260"",    CuSO^  at  jA?«. 

4  3.06006  1.9597  1.95637 

5 2.81840  1.8048  

6 750490  4.8064  4.79826 

Hence  percentages  as  follows : 

Water,  260"".    Water,  360"".   Cu  in  Cryst.  Salt.  CuinCuSO^,26&'.  DiA 

4 35959              36.068               25.452  39.744                   3j 

5 35.964               25.454  39.750 

6 35.957               36.065               25.446  39.733                   3 

Mean,  35.960  36.067  25.450  39.742  9 

Hampe  worked  with  a  sulphate  dried  at  250®,  but  these  datasho 
a  little  water  is  retained  at  that  temperature,  and  consequently  tt 
results  must  have  been  too  low.  The  third  of  Richards'  series  rem 
the  second,  but  extra  precautions  were  taken  to  avoid  conceivable < 

CuSO,.saq>  CuSO,at26oP,  CuSO^  at  jztf". 

7 2.88307  

8 3.62913       2.32373       

9 5.81352       3.716&) 


COPPER* 


And  the  |>ercentaget«  are: 
..•♦• 35*970 


AtS7o^ 


36,067 


Cu  in  Cn'st.  Sail. 

25.446 
55.445 


Cu  in  CuSO^. 

39J40  (26o«>J 
39J99  (STO**) 


25*445 


In  this  series  the  determinations  of  sulphuric  acid  gave  essentially  tlie 
wune  result*?  for  all  three  samjiles  of  sulphate,  although  one  was  not 
d**hydnitedt  and  the  others*  were  heated  to  2G0°  and  370°  re^f>C'Ctively. 
Hcnoelhe  1<»8S  of  weight  in  dehydration  at  either  temperature  re[)resenU 
water  only,  and  does  not  involve  partial  de4^om position  of  the  sulphate* 
Between  360*  and  4(KP  copper  suliihate  is  at  essentially  constant  w»/ight, 
but  further  experiments  indicated  that  even  at  4(X)°  it  retained  traces  of 
water,  and  possibly  as  niucli  as  .042  per  cent.  The  last  trace  is  not  ex- 
pelled until  the  salt  itself  begins  to  decompose. 

Richards  also  effected  two  syntheses  of  the  sulplmte  directl}*  from  the 
fneUl  by  dissolving  the  latter  in  nitric  acid,  then  evaporating  to  dryness 
with  sulphuric  acid,  and  heating  to  constant  weight  at400'^. 


.67720  grm.  Cu  gave  1,7021  grm.  CuSO^. 
1.0061J  •*  2.5292  '* 


39.7S6  per  ccnu  Cu, 
J9.7S1 


rif  we  include  these  percentages  in  a  series  with  the  data  from  analyses 
4,  G,  and  *.),  which  gave  percentages  of  39.811,  31K799,  and  39.71111  respect- 
ively uf  co|>per  in  sulphate  dried  at  liGO'^  and  upwards,  the  mean  beconieH 

CttSOj  I  Cm  II  100  ;  39  795,  db  .0036 

Since  even  this  result  is  (iresumably  too  low,  the  other  figures  from 

sulphate  dried  at  250*  must  he  rejected.    Since  Hampers  work  on  the 

Iphftte  is  affected  l>y  the  same  sources  of  error,  and  apparently  to  a 

I  greater  ext^^nt.  it  need  not  be  considered  farther.     As  for  Richards' 

lilne  deierminattond  of  Cu  in  CuS0^.5HjO,  we  nui}^  take  them  as  one 

:i  mean  percentage  of  25,451,  ±  ,0<111,    I'hjs  salt  seems  to 

III  M  d  water,  for  the  percentage  of  cojipcr  in  it  leads  to  a  value 

f^jrthe  aU.>tnic  weight  which  is  inconsistent  with  the  best  evidence,  as 

i^ill  be  secti  later. 

In  the  sectmcl  and  third  series  of  Richards'  experiments  upon  copper 

ulphatc.  the  sulphuric  acid  was  estimated  by  a  method  which  gave 

•Suable  results.     After  the  copper  had  been  electrolytically  preeiintiitetl, 

^*e  acid  wluch  was  set  free  was  nearly  neutralized  by  a  weighed  amount 

^^  pure  Sixlium  carbonate,  and  the  slight  excess  remaining  was  deter- 

*'>ine<l  by  titration.    Thus  the  weight  of  sodium  carbonate  equivalent  to 

^B  copper  was  ascertained.     The  resulting  solution  of  sodium  sul|ihate 

I  evaporate*!  to  dryness,  and  a  new  ratio,  connecting  that  salt 

u'T.  was  also  determined.     The  cross  ratio  NiuCO, :  NajSO^  hns 
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already  been  utilized  in  a  prerious  chapter.  The  results,  ignoring  the 
weii(hts  of  h ydrated  copper  sulphate,  are  as  follows,  with  the  experiments 
numbered  iks  before : 

4 778S6  r,299J  i.74«i 

6 i.9<^73  5.ii*62  4*2679 

7 73380  1.22427  1.63994 

^ 92344  1.54075  ■• 

9 1.47926  3.3«*5S 

Hence, 

Ct4  :  MJjCO^  :  :  foo  :  Jr.  Cn  :  iVa^SC?,  :  :  lOO  i  _r. 
166.824  323.549 

166.840  223.482 

166.840  223.538 

166.849  2^3-529 

Mean,  166.838,  ±  .0035  Mcnn,  223.525,  :±  .0098 

In  one  more  experiment  the  sulphuric  acid  was  weigheii  Jis  barium' 
sulphate,  tlie  latter  being  corrected  for  occluded  salta.  3.1902  gnu. 
Cu?nO,.5H,0  gave  2.9761  BaSO,;  hence  CuSO,.oH,0  :  BaSO,_ : :  ICM} : 
93.289.  The  suli>hate  contained  25.448  per  cent,  of  Cii ;  hence  BaS(;>^ : 
Cu  ::  93.289 :  2o.448.  8till  other  ratios  can  be  deduced  from  Uichards' 
work  on  the  sul[»lKito»  iuit  in  view  of  the  uncertainties  relative  to  Uie 
water  in  the  salt  tliey  are  hardly  worth  computing. 

lu  hh  tliird  paper  upon  theatoinie  weight  uf  cupper,^  Richards  stud iecl 
the  dibromide,  CuBr^.  In  jireparing  this  salt  he  used  hydrobrotnic 
aci<l  made  from  pure  materials,  and  further  purified  by  ten  distillations. 
This  \vi\s  saturated  with  copper  oxide  prepared  from  pure  electrol3Uic 
cui>per,and  the  solution  ol)ttiined  was  proved  to  be  free  from  basic  fctalL-i. 
As  the  crystallized  compound  wiis  not  easily  obtained  in  a  satisfactory 
eundition,  weighed  quantities  of  the  solution  were  taken  for  analysis,  in 
which,  after  eximlsion  of  bromine  by  nitric  and  sulphuric  acids,  the 
cop}»er  was  determined  by  electrolysis*  In  other  portions  of  solution 
the  bromine  was  precipitated  by  silver  nitrate,  and  weighed  as  silver 
bromide.  The  fi  rst  iirelitninary  series  of  experiments  gave  the  subjoinedJ 
results,  with  vacuum  weiglits  as  usual : 

In  25  Gram^aes  of  Solution, 

.4164  2.4599 

.4*64  2.4605 

.4164  2.4605 

4165  2.4599 

Hence  2  AgBr :  Cu  : :  100  :  16.927,  ±:  .0018. 

•  Ptoc,  Amer.  Acad.,  25,  195.     iSoo, 
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The  second,  alao  preliminary  series,  was  made  with  more  dilute  solu- 
tions, and  came  out  as  follows: 

In  25  Grammes  of  Solution, 

Cu.  AgBr. 

.26190  1.5478 

.26185  1.5477 

1.5479 

Hence  2  AgBr :  Cu  : :  100 :  16.919,  dz  .0012. 

In  the  third  series,  two  distinct  lots  of  crystallized  bromide  were  dis- 
wlred,  and  the  solutions  examined  in  the  same  way. 


Cu. 

.2500 

.5473 

AgBr, 

1.4771 
3.2348 

Ratio, 
16.925 
16.919 

'  Mean,  16.922,  i  .0020 

In  the  final  set  of  analyises,  the  materials  used  were  purified  even  more 
•crepulously  than  before,  and  the  process  was  distinctly  modified,  as 
«^tni8  the  determination  of  the  bromine.  The  solution  of  the  bromide 
Wadded  to  a  solution  of  pure  silver  in  nitric  acid,  not  quite  sufficient 
fcr  complete  precipitation.  The  slight  excess  of  bromine  was  then 
determined  by  titration  with  a  solution  containing  one  gramme  of  silver 
tothe  litre.  Thus  silver  proportional  to  the  copper  in  the  bromide  was 
iHermined,  and  the  silver  bromide  was  weighed  in  a  Gooch  crucible  as 
keibre.    The  results  are  subjoined : 


In  50  Grammes  of  Solution. 

Cu. 

Ag. 

A,<rBr. 

.54755 

1.8586 

3.2350 

.54750 

1.8579 

3- 2340 

1.8583 

3.2348 

Hence  Cu :  Ap, : :  100 :  339.392,  ±  .0108,  and  2  AgBr  :  Cu  : :  100 :  16.927, 
t.(012. 

The  latter  ratio,  combined  with  the  results  of  the  three  preceding  series, 
P^es  a  general  mean  of : 

2  AgBr  :  Cu  :  :  lOO  :  16.924,  ±z  .0007 

In  hia  two  earlier  papers  *  Richards  determined  the  copper-silver  ratio 
airecUy— that  is,  without  the  weighing  of  any  C()ni})oiind  of  either  metal, 
^y  placing  pure  copper  in  an  ice-cold  solution  of  silver  nitrate,  metallic 
•w^er  is  thrown  down,  and  the  weights  of  the  two  metals  were  in  equiv- 

•Proc.  Amcr.  Acad.,  22,  346,  and  23,  177.     1SS6  and  1887. 
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al«ni  proportions,     In  tlie  firsi  paper  the  following  results  were  obtained. 
Tlie  third  column  gives  the  value  of  x  in  the  ratio  Cu  ;  Ag, : :  UX) ;  x. 


Cu  Taken, 

Ag  Found, 

Ralio, 

.53S75 

1.SJ92 

339.527 

.56190 

1,9076 

339.49' 

1,00J20 

3.4016 

339414 

1^30135 

4.4«73 

339.440 

.99S70 

3.3903s 

339.477 

1,02050 

34^6 

339.500 

Mean,  339-475.  ±.0114 


In  the  second  pjipL-r  Richards  states  that  the  silver  0/  the  fifth  experi- 
ment,  which  had  been  dried  at  150**,  as  were  also  the  others,  still  retained 
wafer,  to  the  extent  of  four-tenths  millijrramme  in  two  grammes.  If  we 
assume  this  correction  to  be  fairly  uniform,  as  the  concordance  of  the 
series  indicates,  and  apply  it  throiu^hout,  the  mean  value  for  the  ratio 
then  becomes  3*i9.408,  ±  ,0114.  This  procedure,  however,  leaves  the 
ratio  in  some  uncertainty,  and  accordingly  some  new  determinations 
wore  made,  in  whicli  the  silver,  collected  in  aGooch  crucible,  was  heut#d 
to  incipient  redness  liefore  final  weighing.  Copper  from  two  distinct 
sources  wa.^  taken,  and  three  experiments  were  carried  out  upon  one 
eample  to  two  with  the  other.  Treating  both  seta  aa  one  series,  the 
results  were  as  follows  : 


Cu  Taketh 

Ag/ound, 

Ratio. 

^1S1(^ 

2*5713 

339.40 

.95040 

3.2256 

339.39 

•75993 

2^5794 

3394^ 

1 .02060 

3.4640 

33942 

.90460 

3-0701 

339.39 

McAH,  339*404 

; .0046 


a  vahie  practically  identiciil  witli  the  corrected  mean  of  the  previous 
determinations^  and  witli  that  found  in  the  later  exjieriment^  upon 
coiqier  brnijiide. 

In  various  electrical  investigations  the  same  ratio,  the  electrochemical 
equivalent  of  copper,  has  been  repeatedly  measured,  and  the  later  resultii 
of  Lord  Rayleigb  and  Mrs.  Sidgewiek,*  Gray.f  Shaw,  J  and  Vanni  S  niay 
properly  l»e  included  in  this  discussion.  As  the  data  are  somewhat  dif- 
ferently  stated,  I  have  reduced  them  all  to  the  common  sUmdard  adopted 
above.  Gray  gives  two  sets  of  measurements,  one  made  with  large  and 
the  other  with  amall  metallic  jdates: 


•  FhU-  Trans,.  175, 458. 

\  PhU.  Mag.  (5).  ",  399. 

I  Britlfih  Aitsoc.  Report,  t88fi.    Abstract  ^n  ThiL  Muff.  (s).  ?|i  iJlBt 

\  Ann.  der  Phy*.  ^Wicdcmfton'sJ  <i),  44«  9J4. 
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RayUigh  and  5".    Gray  /.  Gray  2,  Shaw.  Vanni.       ' 

340.483           341.297  340.252  339.68  340.483 

540.832           341.413  339.674  340.05  340.600 

340.367           340.815  340.020  339.84  340.367 

340.252  339.905  339.71  340.252 

340.561,           339.905  339.674  340.04  340.600 

=  .0935           341.064  339-328  339.94  340.136 

.•H0.832  340.136  340.35 

341.297  340.136  339.82  340.406, 

341.064      340.136  340.09        rh  .0520 

341.413      340.020  339.84 

340.020  339.90 

340.935,      340.136  339.98 

dr.  1072 340.14 

339.953,  340.56 

=t  .0521  339.82 

339.983. 
=b  .0411 

The  lack  of  sharp  concordance  in  these  data  and  the  consequently 
M  probable  errors  seem  to  indicate  a  distinct  superiority  of  the  purely 
chemical  method  of  determination  over  that  adopted  by  the  physicist. 
The  eight  distinct  aeries  now  combine  as  follows : 

Richards,  first  scries  corrected 339.4o8,  ±:  .01 14 

Richards,  second  series ...   339.404,  rb  .0046 

Richards,  CuBr,  series 339-392,  ±:  .0108 

Rayleigh  and  Sidgewick 340.561,  tt  .0935 

Gray,  wiih  large  plates 340.935,  ii=  .1072 

Gray,  with  small  plates 339953,  =b  .0521 

Shaw 339.983,  ±:  .0411 

Vanni 340.406,  rt=  .0520 

General  mean 339-41 ',  dr  .0039 

If  we  combine  Richards'  tbree  series  into  a  general  mean  separately, 
*e|!et .339.402,  ±  .0040.  Hence  tbe  other  deterniiniitions,  having  liigh 
probable  errors,  practically  vanisb  from.the  result,  and  it  is  a  matter  of 
"»<lifference  whether  they  are  retained  or  rejec^ted. 

»Unow  have  the  following  ratios  from  which  to  compute  the  atomic 
*o«ht  of  copper: 

(l.)  Percentage  of  Cu  in  CuO 79.8355,  ±:  .0010 

(2.)  **  of  Cu  in  CuSC\ 39- 795,    ±:  0036 

(3.)  "  of  Cu  in.CuSO,,  511,0..    25.451,    rt.ooii 

(4.)  "  of  CuO  in  CuSO^ 49.816,     rb  .0017 

(5.)  Cu  :  Na^CO,  :  :  100  :  166.838,  —  .0035 
(6.)  Cu  :  Na,SO^  :  :  100  :  223.525,  ^  .0098 
(7.)  BaSO^  :  Cu  :  :  93.289  :  25.448. 
(8.)  2.AgBr  :  Cu  :  :  100  :  16.924,  rt  .0007 
(9.)  Cu  :  Ag,  :  :  100  :  339-411,  =b   0039 
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Redacing  these  ratios  with  the  subjoinetl  data: 

O   =    15.879,  ±.0003  Na      =   22.8SI,  d= 'CXH6 

Ag  =  107. 108,  :t:  ^0031  lia        —  136392,  ±:  ,00S$ 

S     =    31.828,  ±z  .0015  AgBr  =r  186,452,  :h  .0054 
C    ^=    11.920,  4;  .0004 

We  have  nine  values  for  tho  atomic  weight  of  copper.  Since  ratio  (7) 
depends  upon  one  experitnent  oiiU%  it  is  necessary  to  assign  the  value 
derived  from  it  arbitrary  weiglit.  This  will  bo  taken  as  indicated  by  a 
probable  error  double  that  of  the  next  highest,  obtained  from  ratio  k'2). 
The  vahies  then  are  as  follows : 

From  ( I ), Cu  =  62.869,  ±  .0034 

From  (2) ,  .    ••  =  63,022,  :4r  .0070 

Frora  (3). . *'  =  63.070,  ±:  .0030 

From  (4).,...  _.., **  =63,003,  :t  .0042 

From  ($).......* ., '•  =63.127,  d:.oo5I 

From  (6). . '»  =  63. 128,  ir  .0050 

From  (7)..  , -.  **  ==63.215,  ±  ,0140 

From  (S) , "  ^  63. 1 10,  db  .0032 

From  (9) "  =63.114,  ±:  .0020 

General  mean. . ..,...,....,..   Cu  =  63.070,  :+r  .0012 

If  0  ^  16,  Cu  =  fi3.550.  If  we  include  Ilampe-s  analyses  of  copper 
sulphate,  which  gave  Cu^  62,839,  ±  .0035,  the  general  mean  becomes 
Cu=-6;i046,  dz.Wll, 

The  foregoing  raeana,  however,  are  significant  only  as  showing  the 
effect  and  weight  of  the  older  data  upon  the  newer  determinations  of 
Richards,  Tbe  seventh  of  the  individual  values  is  also  interesting,  for 
the  reason  that  tlie  experiment  upon  wbich  it  depends  was  jniblished  by 
Richards  previous  to  his  investigation  of  the  atomic  weight  of  barium. 
With  the  old  value  for  Ba,  137,  it  gives  a  value  (or  copf>er  in  close  agre^ 
Tuent  with  Richards^  other  determinations.  With  tlie  new  value  for 
barium  it  becomes  discordant,  although  its  w*eight  ia  so  low  that  it  pro- 
duces no  appreciable  eil'ect  upon  the  final  mean. 

Rejecting  values  1  to 4,  inclusive,  the  remaining  five  values  give  a  gen- 
eral mean  of 

Cu  —  63.  U9»  ±:  .0015, 

If  0=:=^  16,  this  becomes  63  6 IX),  and  in  the  light  of  all  the  evidence 
these  figures  are  to  be  preferred.  If,  again,  we  combine  with  this  mean 
the  results  of  Richards'  work  on  th©  oxide  and  sulphate  of  coi>per,  thu 
final  value  becomes 

Cu  =  63,10^,  d;  .0013, 

and  with  0  =  16,  63.589.  This  departs  but  little  from  the  previous  mean 
value,  Init  it  includes  data  whicb  render  it,  in  all  probability,  a  trifle  too 
low.    Tlie  value  Cu  ^  63,110  will  be  regarded  as  the  best. 
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Ani(m«the  early  estitiuilcs  of  the  atomic  weight  of  gold  the  only  ones 
'^r-  '  utitin  are  those  of  Berzeh'iis  and  Levoh 

Tfi. .  ..    iiiod  adopted  by  Berzeliua*  was  that  of  precipitating 

k«ltilion  of  cold  chloride  by  means  of  a  weighed  quantity  of  metallic 

^(\  thus*  throwfi  down  gave  the  ratio  between 

wo  metals.     In  the  gtinglt*  exi>erinient  which 

U^ieliiw  publi^hesi,  14*Z9  parts  of  Hg  precipitated  J>3.55  uf  Au.     Hence 

[ifHifT.2(J0,  A         1  '':397, 

hi  a  bter  lu  *nf  Berxelius  resorted  to  the  analyi^is  of  potaasio- 

ricchloride,  2Ki1.AuCl,.     Weighed  quantities  of  this  salt  were  ignited 

Mm  TL-^ulting  golil  and  potassium  chloride  were  separated 

.;     .  and  both  were  collected  and  e.^timated.     The  Iobs  of 

J»«jfht  upon  Ignition  was,  of  course,  chlorine.     As  the  &«ah  could  not  he 

j^nVctly  driL«d  without  loss  of  chlorine,  the  atomic  weight  uncier  inve«- 

ilimj  ifiogt  be  determined  by  the  ratio  between  the  K(1  and  the  Au, 

iTfJut^e  to  a  common  standard »  and  comjiarc  with  IW  parts  of  KCK 

dvulHit  amounts  of  gold  will  be  those  which  I  give  in  the  huit  of 

'joiiH'd  columns: 

4.*i4Senn.  K|AnCi|  gave  .8185  grm,  KCI  mud  2,159  grm,  Au.  2^3.775 

.44425  *'  M7^  "  ^63,815 

t.oij{75  **  3.67255      "  263,600 

>4ip  '^  .674  **  «.  77725       "  263.687 

iWj  "  .829s  ''  2'>8S         **  2^3-773 

Mean,  263.730,  ±:  .026 

^  A  third  serial  of  experiments  by  Berzelius  J  may  be  included 

lo  order  to  Qdtiibli:!«h  the  atomic  weight  of  |>ho8phoru9  he  em- 

b'  u'eto  pnHM]>itate  gold  from  a  solution  of  gtild  chloride 

I  the  weight  of  i»hosphorU3  taken  and  the  weight  of 

[obtftlnisd  it  was  ca«y  to  fix  a  ratio.    Since  the  atomic  weight  of 

has  been    tietter  established   V>y  other  methods,  we  may 

rcree  this  ratio  and  ai>ply  it  to  our  discussion  of  gold.     100 

•rfP precipitate  the  quantities  of  Au  given  in  the  third  column: 


.$99gnft.  P  precfpltoted  8.714  grm.  Au. 
.t;j  -  7,930 


1051.15 
1051.73 


Mean,  1051,44,  ±z  ,196 


fP^Sl,  An— 196.568. 


•  rnggCQd.  AnnalcQ,  8,  177. 
t  !<ehrlmch,  5  Aufl..  3,  iwx 
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Levol's  *  estimation  of  the  atomic  weight  under  consid^ 
hardly  have  much  value.  A  weighed  quantity  of  gold  was  < 
in  a  flask  into  AuCl,.  This  was  reduced  by  a  stream  of  sulpbuf 
and  the  resulting  sulphuric  acid  was  determined  as  BaSO^.  Om 
af  gold  gave  1.782  grra.  BaSO,.     Hence  Au  =  195.06. 

All  these  values  may  be  neglected  as  worthless,  except  thai 
from  Berzelius'  K^AuCls  series. 

In  1886  Kriiss  t  published  the  first  of  the  recent  determinatia 
atomic  weight  under  consideration,  several  distinct  methods  i 
corded.  First,  in  a  solution  of  pure  auric  chloride  the  gold 
cipitated  by  means  of  aqueous  sulphurous  acid.  In  the  filtrate 
gold  the  chlorine  was  thrown  down  as  silver  chloride,  and  thus 
Au:  3  AgCl  was  measured.  I  subjoin  Kriiss'  weights,  togethc 
third  column  giving  the  gold  equivalent  to  100  parts  of  silver  i 

Au,  AgCl.  Ratio. 

7.72076  16.84737  45.828 

5.68290  12.40425  45.814 

3.24773  7.08667  45.828 

4.49167  980475  45.811 

3.47949  759300  45.825 

3.26836  7  >3"32  45.832 

5.16181  11.26524  45.821 

4.86044  10.60431  45.834 

Mean,  45824,  ±  .< 

The  remainder  of  Kriiss'  detenninations  were  made  with  pi 
auribromide,  KAuBr^,  and  with  this  salt  several  ratios  were  n 
The  salt  was  prepared  from  pure  materials,  repeatedly  recrj 
under  precautions  to  exclude  access  of  atmospheric  dust,  and  d 
phosphorus  pentoxide.  First,  its  percentage  of  gold  was  del 
sometimes  by  reduction  with  sulphurous  acid,  sometimes  by  b 
a  stream  of  hydrogen.  For  this  ratio,  the  weights  and  percen 
as  follows,  the  experiments  being  numbered  for  further  referenoi 
reducing  agent  being  indicated. 

KAuBr^,  Au,  Percent, 

1.  SO.^ 10.64821  3-77753  35  476 

2.  SO, 4.71974    1.67330    35.453 

3-  n 7.05762  2.50122  35.440 

4.  H 4.49558  1.59434  35.465 

5.  S^>2 8.72302  3-09448  35.475 

6.  S().^ 7.66932  2.71S60  35.448 

7-  SO, 7.15498  2.53695  35.457 

8.  H 12.26334      4-34997      35.47^ 

9.  H 7.10342      2.51919      35.465 

Mean,  35.461,  :| 

•  Ann.  Chira.  Phy».  (3),  30,  355.    1850.  ^ 

t  Untersuchungen  Qber  das  Atomgewicht  des  Goldea.    MQnclMni,  iflM.    r** 
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111  five  of  the  foregoing  experiments  the  reductions  were  effected  with 
ttlphurous  acid  ;  and  in  these,  after  filtering  off  the  gold,  the  bromine 
W8  thrown  down  and  weighed  as  silver  bromide.  This,  in  comparison 
tith  the  gold,  gives  the  ratio  Au  :  4AgBr  :  :  100  :  x, 

Au.  4AgBr,  Ratio, 

1 3.77753       14.39542       381.080 

2 1.67330        6.37952       381.254 

5 309448       ".78993       380.999 

6 2.71860       10.35902       381.042 

7 2.53695        9.661 17       380.73* 

Mean,  381.021,  4^  .057 

Hence  Au  :  AgBr  : :  100  :  95.255,  ib  .0142. 

In  the  remaining  experiments,  Nos.  3,  4,  8,  and  9,  the  KAuBr^  was 
fidaced  in  a  stream  of  hydrogen,  the  loss  of  weight,  Brg,  being  noted, 
n  the  residue  the  gold  was  determined,  as  noted  above,  and  the  KBr 
M  also  collected  and  weighed.    The  weights  were  as  follows : 
Au,  Loss,  Bry  KBr, 

3 2.50122  3.04422  1. 51090 

4 1.59434  1.93937  .96243 

8 4.34997  5-293«6  2.62700 

9 2.51919  3.06534  1.52153 

From  these  data  we  obtain  two  more  ratios,  viz.,  Au  :  Brj :  :  100  :  x, 

nd  .\u  :  KBr  :  :  100  :  x,  thus : 

Au  :  Br^.  Au  :  KBr. 

3 121.710^  60.405 

4 121. 641  60.365 

8 121.683  60.391 

9 121.680  60.398 

Mean,  121.678,  rb  .oioo         Mean,  60.390,  i  .0059 

Ffwm  all  the  ratios,  taken  together,  Kriiss  deduces  a  final  value  of 
^'1  =  197.13,  if  O  =  16. •  It  is  obviously  possible  to  derive  still  other 
'tios  from  the  results  given,  but  to  do  so  would  be  to  de{)art  unneces- 
^yfrom  the  author's  methods  as  stated  V)v  himself. 

Thorpe  and  Laurie,  *  whose  work  ap{)eared  shortly  after  that  of  Krii.'^s, 
J^made  use  of  the  salt  KAuBr^,  but,  on  account  of  difficulty  in  drying 
t without  change,  they  did  not  weigh  it  directly.  After  proving  the  con- 
•^cy  in  it  of  the  ratio  Au  :  KBr,  even  after  repeated  crystallizations, 
li«y adopted  the  following  method:  The  unweiirbed  salt  was  heated 
withpadual  increase  of  temperature,  U|)  to  about  1()()°,  for  several  hours, 
uid afterwards  more  strongly  over  a  small  Bunsen  tlanie.  This  was  done 
in  a  porcelain  crucible,  tared  by  another  in  \vei<;bing,  which  latter  was 
^'**^mpreci.<ely  the  same  way.  The  residue,  KBr  -f  Au,  was  weighed, 
4e  KBr  dissolved  out,  and  the  gold   then  weighed   separately.     The 

•  Journ.  Chein.  Soc.,  51,  565.     1887. 
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weight  of  KBr  was  taken  by  diflference.    The  ratio  Au :  KBr: :  100  :x 

appears  in  a  third  column. 

W«.  KBr,  Ratio. 

6.19001  3-73440  60.329 

4.7^957  2.87715  60.32? 

4.14050  2.49822  60.336 

3.60344  2.17440  60.342 

3.67963  2.21978  60.326 

4.57757  2.76195  60.337 

5.36659  3.23821  60.326 

5.16406  3.  "533  60.327 

Mean,  60.331,  d=  .0016 
This  mean  combines  with  Kriiss'  thus: 

Kriiss 60.390,  ±  .0059 

Thorpe  and  Laurie 60.331,  ±  .0016 

General  mean 60.338,  ifc  .0015 

The  potassium  bromide  of  the  previous  experiments  was  next  titrated 

with  a  solution  of  pure  silver  by  Stas'  method,  the  operation  being 

performed  in  red  light.    Thus  we  get  the  following  data  for  the  ratio 

Ag  :  Au  :  :  100 :  x,  using  the  weights  of  gold  already  obtiiined  : 

Ag.  Au,  Ratio. 

3.38451  6.19001  182.893 

2.60896  4.76957  182.813 

2.28830  4.18266  182.786 

2.264.15  4.14050  182.868 

>.97»47  .  3.60344  182.775 

2.01292  3.67963  182.801 

2.50334  4.57757  182.863 

2.93608  5.36659  182.780 

2.82401  5.16406  182.865 

Mean,  182.827,  ±.  .0101 

Finally,  in  eight  of  these  experiments,  th^  silver  bromide  formed 
during  titration  was  collected  and  weighed,  giving  values  for  the  ratio 
Au  :  AgBr :  :  100  :  x*,  as  follows : 

Au.                              AgBr,  Ratio. 

6. 19001                           5.89199  95.186 

4.76957                           4.54261  95-242 

4.18266                           3.98288  95.224 

4.14050                           3.94309  95.232 

3-60344                           343015  95.191 

3.67963                           3.50207  95.175 

4.57757                           4.35736  95189 

5.36659                           5- "045  95.227 

Mean,  95.208,  rb  .0061 
Krfiss  found,  95.255,  ztr  .0142 

General  mean,  95.222,  d=  .0056 
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[From  the  second  and  third  of  the  ratios  measured  by  Thorpe  and 
ie  an  iadcpeiident  value  for  the  ratio  Ag :  Br  may  be  compated.     It  ( 
lOU:  74*072,  which  agrees  closely  with  the  doterminationg  made  ' 
ad  Marignac.    Similarly,  the  ratios  Ag  :  KBr  and  AgBr  :  KBr 
ijfbe  calculated,  giving  additional  clioeks  upon  the  accuracy  of  the 
fcaiiipulation,  though  not  upon  the  purity  of  the  original   matenal 
iiudied. 
Thorpe  and  Laurie  suggest  objections  to  the  work  done  Ity  Kriiss,  on 
ground  that  the  salt  KAuIh\  cannot  be  completely  dried  without 
rf  bromine.     This  suggestion  led  to  a  controversy  between  them  and 
which  in  effect  was  briefly  im  follow.^ : 
^  First,  Krui<8*  urges  that  the  imtaasium  auribroniide  ordinarily  contains 
1  of  free  gold,  not  belonging  to  the  su^lt,  produced  Vjv  the  reducing 
of  dust  particles  tiiken  up  from  the  air.     He  applies  a  correction 
for  this  supposed  free  gold  to  the  determinations  made  by  Thorpe  and 
rie,  and  tlius  brings  their  results  into  harmony  with  his  own.     To 
argument  Thorpe  and  Laurie  t  reply,  somewhat  in  detail,  t^tating 
It  the  error  indicated  was  guarded  against  by  them,  and  that  they 
d  dissfdved  quantities  of  from  eiglit  to  nineteen  grammes  of  the  uuri- 
niiide  without  a  trace  of  free  gold  bt^conjing  visible.     A  final  note  in 
enae  of  hia  own  work  was  published  by  Kriisa  a  little  later.  J 
111  1889  an  elaborate  set  of  determinations  of  this  constant  was  pub- 
i^*i\  by  Mallet, §  whose  experiment's  are  classified  into  seven  distinct 
First»  a  neutral  solution  of  auric  chloride  was  prepared,  which 
sighed  off  in  two  approximately  equal  portions*     In  one  of  these 
rtd  was  precipitated  by  pure  sulphurous  acid,  collected,  washed, 
I,  Ignited  in  a  Sjirengel  vacuum,  and  weighed.     To  the  second  por- 
a  solution  containing  a  known  weitdit  of  pure  silver  was  added. 
*r  filtering,  with  all  due  precautions,  the  silver  remaining  in  the  fib 
te  was  determined  by  titration  with  a  weighed  Holution  of  pure  hvilro 
lie  acid.     We  have  thus  a  weiglvt  of  gold,  and  the  weight  of  silver 
led  to  precipitate  the  three  atoms  of  cldorine  combined  with  it;  in 
^ words,  the  ratio  Ag^,  :  An  :  :  100  :  x.     All  weights  in  this  and  the 
juent  series  are  reduced  to  va<umm  standards,  arul  all  weighings 
made  against  corresponding  tares. 

j4h,  Ag^*  Ratio, 

7.6075  12.487s  60.921 

8.42  r  2  13.8280  60,900 

6.9407  1^3973  60  «9^ 

X3682  5  5'^^  60.925 

2.8244  4^6371  60,909 


>mi 


ptenc^  Ag  :  Au  :  :  100  :  182.730,  ±  .0102. 


Mean,  60.910,  d:  .0OJ4 


•Her.  Deutach.  Chenu  Oe«eU.,  »&,  1365,    1887. 

t  Bcrichtc,  TO,  3Ckj6.  nnd  Jouru.  Chem.  SoCm  St,  ^66.    iSSt. 

\  rhilosophioil  Tnusactiofis,  180,  395.    tSSj. 
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The  f^econd  senei?  of  determiimtions  was  essentially  like  the  first,  ex- 
cept thfit  auric  bromide  was  taken  instead  of  the  cliloride-  The  ratio 
lueasured^  Agg :  Au,  is  precisely  the  same  as  before.     Results  as  followa : 

j^«.  •  Ag^,  Ratio, 

8.2345  nSH9  6o*9«9 

7,6901  12.6251  60.911 

105235  17,2666  60,945 

2,749s  4.5141  60.916 

3.5620  5-847»  60.919 

3.90S1  6.4129  60.941 

Mean,  60  927,  dr  .ooj8 
Hence  Ag  :  Au: :  IIK):  182.781,  zb  ,0114. 
In  the  third  series  of  experiments  the  salt  KAuBi\  was  taken,  purified 
by  five  recry^tallizations.     The  solution  of  this  was  weighed  out  into 
jiearly  equal  [>arLsi,  the  jrold  being  meii'^ured  a,^  in  the  two  preceding 
scricjif  in  one  portion,  and  the  bromine  thrown  down  by  a  standard  silver 
solution  as  before.    This  gives  the  ratio  Ag^ :  Au  : :  100 :  j\ 
Au*  Ag.  /daiio. 

5.704S  12.4851  45.693 

7.9612  17.4193  45693 

24455  5-35^3  ^y^ 

4.1632  9.ii53  45*673 

Mean.  4S  689*  ±  -^P 

Hence  Ag :  Au  : :  100 :  182.7.56,  ±  SimX 

The  fifth  series  of  determinations,  which  for  present  purposes  naturally 

precedes  the  fourth,  was  electrolytic  in  character,  gold  and  silver  being 

simultaneously  i»reci|»itated  by  the  same  current.     The  gold  was  in  tfolu- 

tion  as  potas.sinm  auro-cyanide,  and  the  silver  in  the  form  of  potassium 

silver  cyanide.    The  equivalent  weights  of  the  two  metals,  thrown  down 

in  the  same  time,  were  as  follows,  giving  directly  the  ratio  Ag :  Au ; :  ICXJ ;  s, 

Au.  Ag.  J^atio, 

5.1721  2.S«49     *  J82.74S 

6.30S8  3.4487  182,933 

4.2770  2.3393  182.832 

35»23  t.9223  1S2.713 

J.6S04  2.0132  182.S14 

Mean,  1 8a. 80S,  d= -0256 

Tills  mean  may  be  combined  with  the  precetling  means,  and  also  with  ^ 
the  determination  of  the  same  ratio  by  Thorpe  and  Laurie,  thus: 

Thorpe  and  Laurie 182.827,  Jr  OIOI 

Mallet,  chloride  series ,  182.730,  ^  .0» 02 

Mallet,  broinide  series.  , .  iS2.7Sr,  —  .01 14 

Mallei,  KAuBr^  series... .  182  756.  d=  .0160 

Mallet,  electrolytic 182. 80S,  :^  ,0256 

Generjil  mean  . .   182.778,  —  ,0055 


GOLD.  107 

In  Mallet  s  fourth  series  a  radically  new  method  was  employed.  Tri- 
methyl-ammonium  auriehloride,  N(CH3)3HAuCl^,  was  decomposed  by 
heat,  and  the  residual  gold  was  determined.  In  order  to  avoid  loss  by 
spattering,  the  salt  was  heated  in  a  crucible  under  a  layer  of  fine  siliceous 
sand  of  known  weight.  Several  crops  of  crystals  of  the  salt  were  studied, 
as  a  check  against  impurities,  but  all  gave  concordant  values. 


Salt, 

Residual  Au. 

Percent.  Au 

14.9072 

7.3754 

49.475 

« 5. 5263 

7.6831 

49.484 

10.4523 

5.1712 

49.474 

6.5912 

3.2603 

49.464 

5.5744 

2.7579 

49.474 

Mean,  49-474,  ± 

In  his  sixth  and  seventh  series  Mallet  seeks  to  establish,  by  direct 
measurement,  the  ratio  between  hydrogen  and  gold.  In  their  experi- 
mental details  his  methods  are  somewhat  elaborate,  and  only  the  pro- 
cesses, in  the  most  general  way,  can  be  indicated  here.  First,  gold  was 
precipitated  electrolytically  from  a  solution  of  potassium  aurocyanide, 
and  its  weight  was  compared  with  that  of  the  amount  of  hydrogen  simul- 
taneously liberated  in  a  voltameter  by  the  same  current  in  the  same 
time.  The  hydrogen  was  measured,  and  its  weight  was  then  computed 
from  its  density.     The  volumes  are  given,  of  course,  at  0°  and  760  mm. 

Wt,  Au.  Vol.  H,  cc.  Wt.  H. 

4.0472  228.64  .0205483 

4.0226  227.03  .0204C46 

4.0955  231.55  .0208103 

These  data,  with  the  weight  of  one  litre  of  hydrogen  taken  as  0.89S72 
jiranime,  give  the  subjoined  values  in  the  ratio  H  :  Au  :  :  1  :  x, 

196.960 

197151 
1 96. 805 


Mean,  196.972,  ±i  .0675 

In  the  hist  series  of  experiments  a  known  (quantity  of  metallic  zinc  was 
(liss,jlv^»^|  i,^  dilute  sulphuric  acid,  and  the  amount  of  hydrojjfon  cvolvc(l 
^^'•^"^  nn^asured.  Then  a  solution  of  pure  auric  chloricU'  or  bromide  was 
^""'''Ut'd  with  a  definite  weight  of  the  same  zinc,  and  the  (juantity  of  ^'old 
thrown  down  was  determined.  The  zinc  itself  was  jmrified  hy  practical 
•''^tilliition  ill  a  Sprengel  vacuum.  From  these  data  the  ratio  IlaiAu 
Jl'^^*^  computed  by  direct  comparison  of  the  weight  of  gold  and  that  of  tlie 
">erated  hydrogen.     The  results  were  as  follows  : 
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m.  Au.  Vol.  H,  cc.  WL  H, 

10.3512  1756.10  • I 57824 

8.2525  1400.38  .125857 

8.1004  1374.87  -123565 

3.2913  558.64  .050206 

34835  590.93                   .        .053109 

3.6421  618.11  .05555* 

Hence  for  the  ratio  H, :  Au  :  :  1 :  x  we  have : 

65.587 
65.571 

65.557 
65.556 
65.593 
65.563 

Mean,  65.571,  db  .00436 

And  H  :  Au  :  :  1 :  196.713,  ±  .0131.    This,  combined  with  the 
found  in  the  preceding  series,  gives  a  general  mean  of  196.722,  ± 
The  ratios  available  for  gold  are  now  as  follows : 

(I.)  2KCI  :  Au  :  :  100  :  263.730,  ±  .026 

(2.)  3AgCl  :  Au  :  :  100  :  45.824,  :t  .0020 

(3.)  KAuBr^  :  Au  :  :  100  :  35.461,  i  .0028 

(4.)  Au  :  AgBr  :  :  lOO  :  95.222,  di  .0056 

(5.)  Au  :  Br,  :  :  loo  :  121.678,  ±  .OIOO 

(6.)  Au  :  KBr  :  :  100  :  60.338,  ±0015 

(7.)  Ag  :  Au  :  :  lOO  :  182.778,  dr  .0055 

(8.)  NC.HjoAuCl^  :  Au  :  :  100  :  49.474,  ±-  .002I 

(9.)  H  :  Au  :  :  I  :  196.722,  ±  .0129 

For  the  reduction  of  these  ratios  the  antecedent  data  are : 

Ag=  107.108,  dz  .0031  C       =   11.920,^2.0004 

ci  =  35.179,  ±  .0048  AgCl  =r  142.287,  =fc  .0037 

Br  =    79.344,  ±  .0062  AgBr  =  186.452,  d=  .0054 

K   =    38.817,  4r. 005 1  KCl    =    74.025,  db  .0019 

N    =r    13.935,  db  .0021  KBr   =  118.200,  ±1.0073 

Hence  for  the  atomic  weight  of  gold  we  have  nine  values: 

From  (i)    Au  =  195.226,  db  .0193 

From  (2) **  =  195.605,  ifc  .0099 

From  (3) **  =  195.711,  ±  .0224 

From  (4) *»  =  195.808,  d:  .0126 

From  (5) '*  =  195.624,  ±  .0222 

From  (6) **  =  195.896,  d=  .OI31 

From  (7) *'=  195.770,  di  .0082 

From  (8) *•  =  196.238,  db  .0224 

From  (9) **  =  196.722,  dr  .0129 

General  mean Au  =  195.850,  d:  .0044 

If  0  =  16,  this  becomes  Au  =  197.342. 
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Of  the  foregoing  valaes  the  first  one,  which  is  derived  from  Berzelius' 
work,  should  certainly  be  rejected.  So  also,  apparently,  should  the  eighth 
and  ninth  values.  Excluding  these,  values  2  to  7,  inclusive,  give  a  gen- 
eral mean  of  Au  =  195.743,  ±  .0049.  With  0  =  16,  this  becomes  Au  = 
197.235.  Probably  these  values  are  more  nearly  correct  than  those  which 
include  all  the  detenni nations. 

The  ninth  value  in  the  list  given  above  represents  Mallet's  comparisons 
of  gold  directly  with  hydrogen,  and  is  peculiarly  instructive.     In  Mal- 
let's paper  the  other  determinations  are  discussed  upon  the  basis  of 
O  =s  15.96,  which  brings  them  more  nearly  into  harmony  with  the  hydro- 
gen series.    The  great  divergence  shown  in  this  recalculation  is  due  to 
tlie  new  value  for  oxygen,  15.879,  and  its  effect  upon  the  atomic  weights 
of  silver,  bromine,  etc.    The  former  agreement  between  the  several  series 
of  gold  values  was  therefore  only  apparent,  and  we  are  now  able  to  see 
that  concordance  among  determinations  may  be  only  coincidence,  and 
no  proof  of  accuracy.     It  is  probable,  furthermore,  that  direct  compari- 
sons of  metals  with  hydrogen  cannot  give  good  measurements  of  atomic 
weights,  for  several  reasons.     First,  it  is  not  possible  to  be  certain  that 
every  trace  of  hydrogen  has  been  collected  and  measured,  and  any  loss 
tends  to  raise  the  apparent  atomic  weight  of  the  metal  studied ;  secondly, 
the  weight  of  the  hydrogen  is  computed  from  its  volume,  and  a  slight 
change  in  the  factors  used  in  reduction  of  the  observations  may  make  a 
considerable  difference  in  the  final  result.    These  uncertainties  e,xist  in 
all  determinations  of  atomic  weights  hitherto  made  by  the  hydrogen 
method. 
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CALCIUM. 


For  determining  the  atomic  weight  of  calcium  we  have  sets  of  experi- 
ments by  Berzelius,  Erdmann  and  Marchand,  and  Dumas.  Salv6tat* 
also  has  published  an  estimation,  but  without  the  details  necessary  to 
enable  us  to  make  use  of  his  results.  I  also  find  a  reference  f  to  some 
work  of  Marignac,  which,  however,  seems  to  have  been  of  but  little  im- 
portance.. The  earlier  work  of  Berzelius  was  very  inexact  as  regards 
calcium,  and  it  is  not  until  we  come  down  to  the  year  1824  that  we  find 
any  material  of  decided  value. 

The  most  important  factor  in  our  present  discussion  is  the  composi- 
tion of  calcium  carbonate,  as  worked  out  by  Dumas  and  by  Erdmann 
and  Marchand. 

In  1842  Dumas  J  made  three  ignitions  of  Iceland  spar,  and  determined 
the  percentiiges  of  carbon  dioxide  driven  off  and  of  lime  remaining.  The 
impurities  of  the  material  were  also  determined,  the  correction  for  them 
applied,  and  the  w^eighings  reduced  to  a  vacuum  standard.  The  per- 
centage of  lime  came  out  as  follows  : 

56.12 

56.04  • 

56.06 


Mean,  56.073,  ±  .016 

About  this  same  time  Erdmann  and  Marchand  §  began  their  researches 
upon  the  same  subject.  Two  ignitions  of  spar,  containing  .04  per  cent. 
of  impurity,  gave  respectively  56.09  and  50.18  per  cent,  of  residue;  but 
these  results  are  not  exact  enough  for  us  to  consider  further.  Four  other 
results  obtained  with  artificial  calcium  carbonate  are  more  noteworthy. 
The  carljonate  was  precipitated  from  a  solution  of  pure  calcium  chloride 
by  ammonium  carbonate,  was  washed  thoroughly  with  hot  water,  and 
dried  at  a  temperature  of  180°.  With  this  preparation  the  following 
residues  of  lime  were  obtained  : 

56.03 

55.98 

56.00 

55.99 


Mean,  56.00,  it  .007 

It  was  subsequently  shown  by  Berzelius  that  calcium  carbonate  pre- 
])ared  by  this  method  retains  traces  of  water  even  at  200®,  and  that 

♦Compt.  Rend.,  17.  318.    1843. 

tSee  Oudeman's  monograph,  p.  51. 

t  Compt.  Rend.,  14,  537.     1842. 

g  Journ.  fflr  Prakt.  Chem.,  26,  472.     1842. 
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minute  quantities  of  chloride  are  also  held  by  it.  These  sources  of  error 
are,  however,  in  opposite  directions,  since  one  would  tend  to  diminish 
and  the  other  to  increase  the  weight  of  residue. 

In  the  same  paper  there  are  also  two  direct  estimations  of  carbonic 
acid  in  pure  Iceland  spar,  which  correspond  to  the  following  percentages 
of  lime  : 

56.00 

56.02 


Mean,  56.01,  ±  .007 

In  a  still  later  paper*  the  same  investigators  give  another  series  of 
results  based  upon  the  ignition  of  Iceland  spar.  The  impurities  were 
carefully  estimated,  and  the  percentages  of  lime  are  suitably  corrected  : 

4.2134  grm.  CaCOj  gave  2.3594  grm.  CaO.         55.997  per  cent. 

*  56.022       ** 

*  56.031  " 
56.032  '• 
56.044       " 

*  56.042       '• 


15.1385 

8.4810 

23.5503 

13.1958 

23.6390 

13.2456 

42.0295 

23.5533 

49.7007 

27.8536 

Mean,  56.028,  d=  .0047 

Six  years  later  Erdmann  and  Marchand  t  published  one  more  result 

upon  the  ignition  of  calcium  carbonate.     They  found  that  the  compound 

bt"^an  giving  off  carbon  dioxide  below  the  temperature  at  which  their 

]>revi()us  samples  had  been  dried,  or  about  200°,  and  that,  on  the  othor 

hand,  traces  of  the  dioxide  were  retained  by  the  lime  after  ignition. 

These  two  errors  do  not  com])en3ate  each  other,  since  both  tend  to  raise 

the  |>ercentage  of  lime.     In  the  one  experiment  now  under  consideration 

these  errors  were  accurately  estimated,  and  the  needful  corrections  were 

applfe<l  to  the  final  result.     The  percentage  of  residual  lime  in  this  case 

came  out  55.998.     This  agrees  tolerabl}^  well  with  tlie  figures  found  in  the 

direct  estimation  of  carbonic  acid,  and,  if  combined  with  tbose  two.  gives 

a  mean  for  all  three  of  56.006,  ±  .0043. 

Combining  all  these  series,  we  get  the  following  result : 

Dumas 56.073,  dt  .016 

Erdmann  and  Marchand 56.006,  ^b  .007 

Erdmann  and  Marchand 56.028,  1^  .0047 

Erdmann  and  Marchand 56.006,  Ji  .0043 

General  mean 56.0198,  jz  .0029 

For  reasons  given  above,  this  mean  is  probably  vitiated  by  a  slight 
constant  error,  which  makes  the  figure  a  trifle  too  high. 

•  Journ.  fftr  Prakt.  Chcm.,  31,  269.    1S44. 
1  Journ.  fOr  Prakt.  Chem.,  50,  237.    1850. 


] 


112  *  THE  ATOMIC  WQGHTB. 

In  the  earliest  of  the  three  paperB  by  Erdmum  and '. 
ahfo  given  a  series  of  determinations  of  the  ratio  between  m 
l>onate  and  sulphate.  Pure  Iceland  spar  was  earefnllT  ea 
calcium  sulphate,  and  the  gain  in  weight  noted.  One  famii 
spar  gave  of  sulphate : 

136.07 

136.06 

136.02 

136.06 

Mean,  136.0525,  d=  .0071 

In  1843  the  atomic  weight  of  calcium  was  redetermined  bj  I 
who  investigated  the  ratio  between  lime  and  calcium  saijf 
calcium  was  first  precipitated  from  a  pure  solution  of  nllinti 
of  ammonium  carbonate,  and  the  thoroughly  washed  prad 
dried  and  strongly  ignited  in  order  to  obtain  lime  wbollj  fiv 
traneous  matter.  This  lime  was  then,  with  suitable  precaidi 
with  sulphuric  acid,  and  the  resulting  sulphate  was  weighed, 
was  applied  for  the  trace  of  solid  impurity  contained  in  tbeai 
for  the  weighing  in  air.  The  figures  in  the  last  column  rq 
percentage  of  weight  gained  by  the  lime  upon  conversion  inta 
1.80425  gmi.  CaO  gained  2.56735  gnn.  142.295 

2.50400  •*  3-57050    "  142.59* 

390000  »•  5.55MO    **  142.343 

3.04250  "  4.32650    "  142.202 

3.45900  ••  4.93>40    •*  142.567 

Mean,  142. 399^.  db 

Ijast  of  all  we  have  the  ratio  between  calcium  chloride  and 
determined  by  Dumas,  f  Pure  calcium  chloride  was  first  % 
stream  of  dry  hydrochloric  acid,  and  the  solution  of  this  sail 
wards  titrated  witl)  a  silver  solution  in  the  usual  way.  The 
portional  to  100  parts  of  Ag  is  given  in  a  third  column : 


2.738  grm.  CaCI,  =  5.309  grm 
2.436  *'  4.73> 

1.859  "  3.617 

2.771  "  5.38H5 

2.240  ••  4.3585 


Ag.  51.573 

5«.490 
5«-396 
5«.424 
51.394 


Mean.  5^4554,  :t.C 


We  have  now  four  ratios  to  compute  from,  as  follows : 

(I.)   I'erccntagc  CaO  in  CaCOj,  56.0198,  d=  .0029 
(2.)   CaO  :  SO3  :  ;  100  :  142.3998,  db  .05 iS 
(3.)  CaCOj  :  CaSO^  :  :  100  ;  136.0525,  dr  .0071 
(4.)  Ag,  :  CaCI,  :  :  100  :  51.4554,  ±:  .0230 

*  Journ.  far  Prakt.  Chem.,  31,  263.    Ann.  Chem.  Pharm.,  46»  241. 
t  Ann.  Chim.  Phya.  (3),  55,  129.    1859.    Ann.  Chem.  Ptarm.,  113 
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The  antecedent  values  are — 

O    =    15.879,  di  .0003  C=  11.920,  d=  .0004 

Ag  =  107. 108,  ±  .0031  s  =  31.828,  zb  .0015 

ci  =  35.179.  ±.0048 

Hence  the  subjoined  values  for  the  atomic  weight  of  calcium  : 

From  (I) Ca  =  39.757,  ±  0048 

From  (2) **  =  39.925,  dz  .0203 

From  (3) *•  =  39- 706,  ±:  .0204 

From  (4). '*   =  39-868,  rb  .0503 

Mean Ca  =  39.764,  ±  .0045 

If  0  =  16,  Ca  =  40.067. 


STRONflUM. 

The  ratios  which  fix  the  atomic  weight  of  strontium  resemble  in  gen- 
eral terms  those  relating  to  barium,  only  they  are  fewer  in  number  and 
represent  a  smaller  amount  of  work.  The  early  experiments  of  Stro- 
meyer,*  who  measured  the  volume  of  CO.^  evolved  from  a  known  weight 
of  strontium  carbonate,  are  hardly  available  for  the  present  discussion. 
So  also  we  may  exclude  the  determination  by  Salvetat,t  who  neglected 
to  publish  sufficient  details. 

Taking  the  ratio  between  strontium  chloride  and  silver  first  in  order, 
we  have  series  of  figures  by  Pelouze  and  by  Dumas.  Pelouze  X  employed 
the  volumetric  method  to  be  described  under  barium,  and  in  two  ex- 
periments obtained  the  subjoined  results.  In  another  column  I  append 
the  ratio  between  SrCl,  and  100  parts  of  silver  : 

1.480  grm.  SrClj  =  2.014  grm.  Ag.  73486 

2.210  •*  3.008       "  73471 


Mean,  73.4781,  ±  .0050 

l^umas,  5^  by  the  same  general  methotl,  made  sets  of  experiments  with 
^liree  samples  of  chloride  which  had  previously  been  fused  in  a  current 
of  (If)-  hydrochloric  acid.  His  results,  expressed  in  the  usual  way,  are 
as  follows : 


•  Schweigg.  Journ.,  19.  228.     1816. 

t  Compt.  Rend.,  17,  318     1843. 

ICompt.  Rend.,  20,  1047.     1845. 

I  Ann.  Chim.  Phys.  (3),  55,  29,     1859.     Ann  Chcm.  Phartn.,  X13,  34. 
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]j4  TEH  AlVaDi    ^^•u^*'^ 

^.J^  JTl.  Sf'JI;  :=:X-2fc.  ^TIL.    tt£. 


r^:^^  pat.  ar ^-,=4^57x^5^11^  Kf.         ijoo. 


FiuMx? _.  75^7*^  =  -i=50 

Hztj^zas, , .    .    Ts^tST'h^  rr  -ICT© 

Oraera:  akaa r>-«r=5^  =: -«=#* 

TT»e  fof'^oiriz  Sznre*  applj  i*>  4nhjin>:2*  scrjosnizxi  ciiLxuleu 
ratio  f/«it^*r*rri  *ilr*rr  and  the  crT5tAlii*c»i  s»It  ScCU$H.O.  ikic<  ate  I 
'ifrt^rrnin'r^i  m  two  jj^rles  of  <tx  peri  meat?  bj  3lar{CTi*!L*  Fi¥«  gtaai 
of  -alt  were  a^yyl  in  ea/::h  es^timati^fD.  and.  in  t£ie  jiicociFi  seciesw  th«' 
^-er^U^e  of  water  wai>  tir^t  deterruinetl.  The  qoanthMS  oc  the  ^ait  d 
-fK/ruiinj^  to  K/>  f#art^  of  riiTer  are  ziven  in  Ae  I*a  colazua : 

Srrirs  A. 

5  2r!Tj.  5rd,.6H.O  =  4.0515  grm_  A^  i23-«ii 

4.0505       "  125.^42 


Meaa, 

.  Ji*3--44i 

5iTT«^. 

5  ^rn.  SfC1,.6HjO  =  4.0490  gnn.  Ag. 

123^7 

4.0503       '• 

"^3-457 

4.0490       " 

«*3.4S7 

Meui.  123.477 
Mean  of  all  as  one  aeries,  123.460;  -^  .00S2 


*  Joam.  fur  Prakt.  Cheia.,  7^  ai&    i^sl. 
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In  the  same  paper  Marignac  gives  two  sets  of  determinations  of  the 
percentage  of  water  in  crystallized  strontium  chloride.  The  first  set,  cor- 
responding to  '*  B ''  above,  is  as  follows : 

40.556 
40.568 
40.566 


Mean,  40.563 

In  the  second  set  ten  grammes  of  salt  were  taken  at  a  time,  and  the 
following  percentages  were  found  : 

40.58 

40.59 
40.58 


Mean,  40.583 
Mean  of  all  as  one  series,  40.573,  ±:  .0033 

The  chloride  used  in  the  series  of  estimations  last  given  was  subse- 
quently employed  for  ascertaining  the  ratio  between  it  and  the  sulphate. 
Converted  directly  into  sulphate,  100  parts  of  chloride  yield  the  quanti- 
ties given  in  the  third  column : 

5.942  grm.  SrCl,  gave  6.887  g^"™-  SrSO^.  n 5*932 

594'  *'  6.8855       "  I '5.949 

5.942  •*  6.884         **  115.927 


Mean,  115.936,  dt  .004 

Richard.*?.*  in  his  study  of  strontium  bromide,  followed  i)retty  much 
the  lines  laid  down  in  his  work  on  barium.  The  properties  of  the 
Womide  itself  were  carefully  investigated,  and  its  })urity  established 
Woiul  reasonable  doubt,  and  then  the  two  usual  ratios  were  deter- 
niineil.  First,  the  ratio  Ag,  :  SrHr.^  :  :  100  :  a*,  by  titration  with  standard 
J*«»lutions  of  silver.  For  this  ratio  there  are  three  series  of  measurements, 
"V  varied  processes,  concerning  which  full  details  are  given.  The  data 
obtained,  with  weights  reduced  to  a  vacuum,  are  as  follows: 


First  Smcs. 

IVt.  A^. 

m.  SrBr^. 

Ratio. 

1.30755 

1.49962 

114.689 

2. 1035 1 

2.41225 

114.677 

2.23357 

2.56153 

114.683 

53684 

6.15663 

114.683 
Mean,  114.683 

•  Proc.  Amcr.  Acad,  of  Sciences,  1894,  p.  369. 
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Second  Series. 

WL  Ag.  WL  SrBr^  Raiio, 

1.30762  1.49962  114-6S3 

2.10322  2.41225  114.693 

4.57502  5-24727  114.694 

5.3680  6.15663  114-691 


Mean, 

114.690 

Third  Series. 

2.5434 

3.3957 
3.9607 

4.5750 

2.9172 
3.8946 
4.5426 
5.2473 

114.697 
114.692 
114.692 
114.695 

Mean,  114.694 
Mean  of  all  as  one  series,  1 14.689,  ± 

For  the  ratio,  measured  gravimetrically,  2AgBr :  SrBr, : :  1 
series  of  determinations  are  given : 


First  Series. 

m.  AgBr. 

m.  SrBr^. 

Raiio. 

2.4415 

1.6086 

65.886 

2.8561 

1.8817 

65.884 

6.9337 

4.5681 
Second  Series. 

65.883 
Mean.  65.884 

2.27625 

1.49962 

65.881 

3.66140 

2.41225 

65.883 

3.8»776 

2.56153 

65.887 

9.34497 

6.15663 

65.882 

Mean,  65.883 
Mean  of  all  as  one  series,  65.884,  ± 

For  the  atomic  weight  of  strontium  we  now  have  the  subjoii 

(I.)  Ag,  :  SrCl,  :  :  lOO  :  734725.  ±  .0048 

(2.)  Ag,  :  Sra,.6H,0  :  :  loo  :  123.460,  db  .0082 

(3.)  Per  cent.  H,0  in  SrCl,.6H,0,  40.573,  i  .0033 

(4.)  SrCl,  :  SrS04  :  :  loo  :  1 15.936,  di  .0040 

(5.)  Ag,  :  SrBr,  :  :  100  :  II4.689,  db  .OOI2 

(6.)  2AgBr  :  SrBr,  :  :  100  :  65.884,  db  .0006 

The  antecedent  values  are — 

O  =  15.879,  =fc  .0003  Br  =  79.344,  db  .0061 
Ag=  107.108,  db  .0031  S  =  31.828,  di  .001$ 
Cl  =  35.179,  =b  .0048         AgBr  =  186.452,  ±,  JOQ^^ 
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For  the  molecular  weight  of  SrCl,  three  estimates  are  available : 

From  (i) SrCl,=- 157.390,  i  .0112 

From  (2) "      =157.197,^.0192 

From(3) "      =  i57.«23,  ±  .o'57 

General  mean SrCl,  =  157.281,  ±  .0083 

For  SrBr,  there  are  two  values : 

From  (5) SrBr,  =  245.682,  db  .0076 

From  (6) **   =  245.684,  ±  .0075 

General  mean SrBr,  =  245.683,  d=  .0053 

Finally,  with  these  intermediate  data  we  obtain  three  independent 
measures  of  the  atomic  weight  of  strontium,  as  follows : 

From  molecular  weight  SrCl, Sr  =  86.923,  dt  .0127 

From  molecular  weight  SrBr, "  =  86.995,  i  'O'JS 

From  ratio  (4) "  =  86.434,  d=  .081 1 

General  mean Sr  =  86.948,  zt  .0092 

If  0  =  16,  Sr  ~  87.610.  Rejection  of  the  third  value,  which  is  worth- 
less, raises  these  means  by  0.01  only.  The  second  value,  86.995,  which 
represents  Richards*  work,  ia  undoubtedly  the  best  of  the  three. 
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BARIUM. 


For  the  atomic  weight  of  barium  we  have  a  series  of  eight  ratios,  estab- 
lished by  the  lal)or3  of  Berzelius,  Turner,  Struve,  Marignac,  Dumas,  and 
Richards.  Andrews*  and  Salv^tat,t  in  their  papers  upon  this  subject, 
gave  no  details  nor  weighings,  and  therefore  their  work  may  be  properly 
disregarded.  First  in  order,  we  may  consider  the  ratio  between  silver 
and  barium  chloride,  as  determined  by  Pelouze,  Marignac,  Dumas,  and 
Richards. 

Pelouze,  I  in  1845,  made  the  three  subjoined  estimations  of  this  ratio, 
using  his  well  known  volumetric  method.  A  quantity  of  pure  silver  was 
dissolved  in  nitric  acid,  and  the  amount  of  barium  chloride  needed  to 
precipitate  it  was  carefully  ascertained.  In  the  last  column  I  give  the 
quantity  of  barium  chloride  proportional  to  100  parts  of  silver : 

3.860  grin.  BaClj  ppt.  4.002  grm.  Ag.  96.452 

5.790  *'  6.003       *'  96.452 

2.895  **  3001       "  96.468 


Mean,  96.4573,  ±  .0036 

Essentially  the  same  method  was  adopted  by  Marignac  §  in  1848.  His 
experiments  were  made  upon  four  samples  of  barium  chloride,  as  fol- 
lows. A,  commercial  barium  chloride,  purified  by  recrystallization  from 
water.  B,  the  same  salt,  calcined,  redissolved  in  water,  the  solution 
saturated  with  carbonic  acid,  filtered,  and  allowed  to  crystallize.  C,  the 
preceding  salt,  washed  with  alcohol,  and  again  recrystallized,  D,  the 
same,  again  washed  with  alcohol.  For  100  parts  of  silver  the  following 
quantities  of  chloride  were  required,  as  given  in  the  third  column  : 

BaCl^.  Ratio, 

3.3190 

3.61 10  96.345  V  Mean,  96.354 


Mean,  96.354 
Mean,  96.360 

Mean,  96.367 


6. 1 140 

4. '780  96.356) 

4.6625  96.352 1 

6.6680  96.358  j 

5-4185  96.363  j 

5.6300  96.346' 

8.2650  96.384 

4.6470  96.361 

6.5980  96.377  J 


Mean,  96.360,  db  .0024 


*  Chemical  Gazette,  October,  1852. 

fCorapt.  Rend.,  17,  318. 

X  Compt.  Rend.,  20.  1047.    Journ.  fur  Prakt.  Chem.,  35,  73. 

g  Arch.  d.  Sci.  Phys.  ct  Nat.,  8,  271. 
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BaClr 

Ratio, 

1.7585 

96303^ 

3.8420 
2.1585 

96.339 
96.340 

^   Mean,  96.333 

4.0162 

96.358  J 

1.6625 

96.265-^ 

2.4987 

96.304 

3.4468 

96.306 

4.0822 

96.290 

.  Mean,  96.290 

4.2062 

96.289 

4.4564 

96.271 

8.6975 

96.307  ^ 

2.2957 

96.316^ 

4.1372 

96.371 

4.2662 

96.303 

^    Mean,  96.338 

4.4764 

96.329 

5.6397 

96.372  J 

imas*  employed  barium  chloride  prepared  from  pure  barium 
^^e,  and  took  the  extra  precaution  of  fusing  the  salt  at  a  red  heat  in 
Trent  of  dry  hydrochloric  acid  gas.  Three  series  of  experiments 
n  three  samples  of  chloride  gave  the  following  results  : 

Ag. 

1.8260 

3.9980 

2.2405 

4.1680 

1.7270 

2.5946 

3.5790 
-'  4.2395 

4.3683 

4.6290 
1,9.0310 

f  2  3835 
4.2930 
4.4300 
4.6470 

1 5.8520 

Mean,  96.316,  ±.0055 

?  work  done  by  Richards  t  was  of  a  much  more  elaborate  kind,  for 
olved  some  collateral  investigations  as  to  the  effect  of  heat  upon 
m  chloride,  etc.  Every  precaution  was  taken  to  secure  the  spectro- 
;  purity  of  the  material,  which  was  prepared  from  several  sources, 
imilar  care  was  .taken  with  regard  to  the  silver.  For  details  upon 
points  the  original  paper  must  be  consulted.  As  for  the  titrations, 
methods  were  adopted,  and  a  special  study  was  made  with  refer- 
othe  accurate  determination  of  the  end  point ;  in  which  particular 
vestigations  of  Pelouze,  Marignac,  and  Dumas  were  at  fault.  In  the 
series  of  determinations,  silver  was  added  in  excess,  and  the  latter 
measured  with  a  standard  solution  of  hydrochloric  acid.  The  end 
was  ascertained  by  titrating  backward  and  forward  with  silver 
ion  and  acid,  and  was  taken  as  the  mean  between  the  two  api)arent 
K)int!*  thus  observed.  The  results  of  this  series,  with  weights  reduced 
cuum  standards,  were  as  follows  : 

Ag.  Bad.,.  Ratio. 

6.1872  5.9717  96.517 

5.6580  5.4597  96.495 

3.5988  3.472<S  96.499 

9.4010  9.0726  96.507 

.7199  .6950  96.541 

Mean,  96.512,  -±z  .0055 


•Ann.  Chem.  Pharm.,  113.  22.     1860. 
tFroc.  Amer.  Acad.,  29,  55.     1893. 


Ann.  Chim.  Phys.  (3),  55,  129. 
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In  the  second  series  of  experiments  a  small  excess  of  silver  was  add 
as  before,  and  the  precipitate  of  silver  chloride  was  removed  by  filii 
tion.  The  filtrate  and  wash  waters  were  concentrated  to  smidl  M 
whereupon  a  trace  of  silver  chloride  was  obtained  and  taken  into  aocotf 
The  excess  of  silver  remaining  was  then  thrown  down  as  silver  broniU 
and  from  the  weight  of  the  latter  the  silver  was  calculated,  and  m 
tracted  from  the  original  amount. 


^^. 

BaClr 

Ratio. 

6.59993 
5.55229 
4.06380 

6.36974 
5.36010 
3.92244 

96.512 
96.539 
96.522 

Mean,  96.524, 

.0054 

The  third  serias  involved  mixing  solutions  of  barium  chloride  a 
silver  in  as  nearly  as  possible  equivalent  amounts,  and  then  determid 
the  actual  quantities  of  silver  and  chlorine  left  unprecipitated.  1 
filtrate  and  wash  waters  were  di\nded  into  two  portions,  one-half  bd 
evaporated  with  hydrobromic  acid  and  the  other  with  silver  nitn 
The  small  amounts  of  silver  bromide  and  chloride  thus  obtained  w 
determined  by  reduction  and  the  use  of  Volhard's  method : 

Ag,  BaClr  Ratio. 

4.4355  4.2815  96.528 

2.7440  2.6488  96.531 

6.1865  5.97 '2  96.520 

34023  3.2841  96.526 

Mean,  96.526,  ±,  .0035 

Two  final  experiments  were  carried  out  by  Stas'  method,  somewtuil 
in  the  first  series,  with  variations  and  greater  refinement  in  the  obatf 
tion  of  the  end  point.     The  results  were  as  follows  : 

Ag.  BaCl^.  Ratio, 

6.7342  6.50022  96.525 

10.6023  10.23365  96.523 


Mean,  96.524,  d=  .0007 


A  careful  study  of  Richards'  paper  will  show  that,  although  the  ' 
two  experiments  are  probably  the  best,  they  are  not  entitled  to  such  ] 
l>onderance  of  weight  as  the  "  probable  error"  here  computed  wO 
give  them.  I  tiierefore  treat  Richards'  work  as  I  have  already  done! 
of  Marignac  and  Dumas,  regarding  all  of  his  series  as  one,  which  giv«§ 
the  value  of  the  ratio  96.520,  dr  .0025.  This  combines  with  the  prevk 
series  thus : 
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Pfclottic 96.457,^.0036 

Mtrignac. 96.360,  ±  .0024 

Damas .■ 96.316,  zb  .0055 

Richards 96.520,  zt  .0025 

General  mean 96.434,  d=  .001 5 

The  ratio  between  silver  and  crystallized  barium  chloride  has  also 
kecD  fixed  by  Marignac*  The  usual  method  was  employed,  and  two 
leries  of  experiments  were  made,  in  the  second  of  which  the  water  of  crys- 
talliation  was  determined  previous  to  the  estimation.  Five  grammes  of 
chloride  were  taken  in  each  determination.  The  following  quantities  of 
BiCV2H,0  correspond  to  100  parts  of  silver : 


13.109) 

A.  -|  113*35  r  Mean,  113114 

"3.097  3 

.135) 

.122  V  Mean,  113. 106 

;.o6o) 


rii3 
J113 

("3.1 

B.  }  113.1 

(n3.c 


Mean,  113.  no,  db  .0079 

The  direct  ratio  between  the  chlorides  of  silver  and  barium  has  been 
meiBured  by  Berzelius,  Turner,  and  Richards.  Berzeliusf  found  of 
btrium  chloride  proportional  to  100  parts  of  silver  chloride — 

72.432 
72.422 

Mean,  72.427 
Turner  J  made  five  experiments,  with  the  following  results  : 

72.754 
72.406 
72.622 
72.664 
72.653 

Mean,  72.680,  ±.  .0154 

Of  these.  Turner  regards  the  fourth  and  fifth  as  the  best ;  but  for 
pwsent  purposes  it  is  not  desirable  to  so  discriminate. 

Richards'  determinations  §  fall  into  three  series,  and  all  are  character- 
^  by  their  taking  into  account  chloride  of  silver  recovered  from  the 
^•fih  waters.  In  the  first  series  the  barium  chloride  was  ignited  at  low 
'WDC88  in  air  or  nitrogen ;  in  the  second  series  it  was  fused  in  a  stream 
<*»  pure  hydrochloric  acid  ;  and  in  the  third  series  it  was  not  ignited  at 
«!•   In  the  last  series  it  was  weighed  in  the  crystallized  state,  and  the 

•  Toum.  fOr  Prakt.  Chcm.,  74,  212.    1858. 

tPojfgcnd.  Annalen,  8,  177. 

t  Phil.  Trans.,  1829.  291. 

i,  Proc.  Amer.  Acad.,  29.  55,  1893. 


122  THE   ATOMIC  WEIGHTS. 


amount  of  anhydrous  chloride  was  computed  from  the  datasooMl 
The  data,  corrected  to  vacuum  standards,  are  as  follows : 


AgCL 

BaCi^, 

Ratio. 

f  8.7673 

6.3697 

72.653  ^ 

5.1979 

3.7765 

72.654 

{  4.9342 

3.5846 

72.648    \ 

2.0765 

1.5085 

72.646 

U.427' 

3.2163 

72.650  J 

r  2.09750 
\  7-37610 
(5.39906 

1.52384 

72.650  ^ 

5.36010 

72.669    \ 

3.92244 

72.650  3 

(8.2189 
1 4.5199 

5.97123 

72.6524 ' 
72.6587 

3.28410 

Mean,  72.653.  ± 

Meti 


B.  i  7.37610  5.36010  72.669    y  Meal 


Men 


.OOf 

If  we  assign  Berzelius'  work  equal  weight  with  that  of  Tur 
three  series  representing  the  ratio  2AgCl  :  BaCl,  combine  as  folic 

Berzelius 72.427,  ±:  .01 54 

Turner 72.680,  d=  .0154 

Richards 72.653,  dr  .0014 

General  mean 72.650,  i=  .0014 

Incidentally  to  some  of  his  other  work,  Marignac  *  deternil 
percentage  of  water  in  crystallized  barium  chloride.  Two  sets  < 
experiments  each  were  made,  the  first  upon  five  grammes  and  th< 
upon  ten  grammes  of  salt.     The  following  are  the  percentages  ol 

r  14.790") 
A.  J  14.796  y  Mean,  14.795 
(14.8003 
14.80 

14.81     \-  Mean,  14.803 
14.80 


B.  '  H 


!■ 


Mean,  14.799,  i  .0018 

The  ratio  between  barium  nitrate  and  barium  sulphate  has  1 
termined  only  by  Turner,  f  According  to  his  experiments  100 
sulphate  correspond  to  the  following  quantities  of  nitrate : 

112.060 
1 1 1.990 
112.035 


Mean,  112.028,  zb  .014 

For  the  similar  ratio  between  barium  chloride  and  barium  8I 
there  are  available  determinations  by  Turner,  Berzelius,  Struve,  M 
and  Richards. 


•  Journ.  fur  Prakt.  Chcra.,  74,  31a.    1858. 
t  Phil.  Trans.,  1833.  538. 
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Turner*  found  that  100  parts  of  chloride  ignited  with  sulphuric  acid 
gave  112.19  parts  of  sulphate.  By  the  common  method  of  precipitation 
ind  filtration  a  lower  figure  was  obtained,  because  of  the  slight  solubility 
of  the  sulphate.  This  point  bears  directly  upon  many  other  atomic 
weight  determinations. 

Benelius,t  treating  barium  chloride  with  sulphuric  acid,  obtained 
the  following  results  in  BaSO,  for  100  parts  of  BaCl, : 

112.17 
112.18 


Mean,  1 12. 175 

Strove,!  in  two  experiments,  found  : 

112.0912 
112.0964 


Mean,  112.0938 

Harignac^s  §  three  results  are  as  follows  : 

8.520  gnn.  BaCl,  gave  9.543  BaSO^. 

8.519  "  9.544      *' 

8.520  **  9.542      ** 


Ratio,  112.007 
"  112.032 
**      1 11.995 


Mean,  112.CPI1,  zb  .0071 


Richards,  in  his  work  on  this  ratio,  regards  the  results  as  of  slight 
▼•loe,  because  of  the  occlusion  of  the  chloride  by  the  sulphate.  This 
•wiiceof  error  he  was  never  able  to  avoid  entirely.  Another  error  in 
^opposite  direction  is  found  in  the  retention  of  sulphuric  acid  by  the 
precipitated  sulphate.  Eight  experiments  were  made  in  two  series,  one 
•^  by  adding  sulphuric  acid  to  a  strong  solution  of  barium  chloride  in  a 
platinum  crucible,  the  other  by  precipitation  in  the  usual  way.  Rich- 
^  gives  in  his  published  paper  only  the  end  results  and  the  mean  of 
*»is determinations ;  the  details  cited  below  I  owe  to  his  personal  kind- 
^^^  The  weights  are  reduced  to  vacuum  standards : 

BaCl^,  BaSO^.  Ratio, 

'1.78934  2.0056  112.086 

2.07670  2.3274  112.072 

1.58311  «.774i  112.064 

3.27563  3.6712  112.076 

3.02489  3.3903  112.080 

,3.87091  4.3385  112.080 

1 3.02489  39726  112.076 

*   1 387091  3.4880  112.085 

Mean,  112.077,  dr  .0017 


Firat 


Second. 


•  Phil.  Trans.,  1829.  291. 

t  Poggend.  Annalen,  8.  177. 

I  Ann.  Chcm.  Pharm..  80,  204.    1851. 

I  Journ.  fQr  Prakt.  Chera.,  74,  212.    1858. 


1 

w 


in  TBI,  Ai^mx:  wiaces. 


In  an  e&ris^r  f^f^^  than  the  one  fireT>9Dfi!j  -osbc.  E^cmiz-fli* 
vith  grf^  car^  the  ratk^  conn^etins:  bai70i&  Iifeiiidoe-  ^ 
«il  rer  br'/ini'le.  Hie  harinm  broiSKle  v:tf  prefaevc  in-  f« 
|/r'x:>e9isi$>^;  iti$  l>eharior  opcm  debjdmioo  aaxa  era 
«tu4ied.  and  it«  Kf^edfic  graritr  was  detemxioBi.  Tlie  i 
fraji<  fiifAHnt*A  hy  titratioo,  a  solatkm  of  hjdmiVQanx'  aoi  bd 
for  titratinjf  \p2u:k.  The  data  are  Fabjoined,  villi  ibe 
t//  100  ifSLfUi  of  ffilver  stated : 


BaBvj, 

Ag. 

ie«fv. 

2,2«76o 

166074 

■51.74* 

3-47 '«> 

2.52019 

117-73* 

r 19940 

1.59687 

117-751 

2  3597 i 

I-71323 

■37.735 

2.94207 

2.«33«4 

■37-74* 

1.61191 

1.17020 

■37-747 

2.10633 

1.52921 

■37.740 

219682 

2.11740 

■37-755 

2-37290  • 

1.72276 

■37.73* 

\.%^22 

1.34175 

■37.747 

5.66647 

4.11360 

■37.750 

3.52670 

2.56010 

«37-756 

4.3»690 

3.13430 

■37  73« 

3.36635 

2.44385 

137.74* 

3.46347 

2.51415 

•37  759 

Mean.  137.745*  i  J 

The  flilver  bromide  in  most  of  these  determinations,  and  in  sonD 
was  collected  and  weighed  in  a  Gooch  crucible  with  all  necea 
cautions.  Vacuum  standards  were  used  throughout  for  both  i 
give  in  a  third  column  the  BaBr,  equivalent  to  100  parts  of  Agl 


I  Proc.  Ainer.  Acad.,  28.    1893. 
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BaBr^ 

AgBr. 

Ratio. 

2.28760 

2.89026 

79.149 

347120 

4.3863s 

79.136 

3.81086 

4.81688 

79.133 

2.35971 

2.98230 

79.124 

2.94207 

3-71809 

79.129 

2.10633 

2.66191 

79.128 

2.91682 

3.6861S 

79.129 

2.37290 

2.99868 

79.«3i 

1.84822 

2.33530 

79.143 

1.90460 

2.40733 

79.116 

5.66647 

7. 161 20 

79.127 

3.52670 

4.45670 

79.133 

2.87743 

3.63644 

79.127 

3.46347 

4.37669 

79.  "35 

125 


Mean,  79.132,  ±.0015 


The  ratios  for  barium  now  sum  up  as  follows : 

(I.)  Ag,  :  Baa,  :  :  100  :  96.434,  ±  .0015 

(2.)  Ag,  :  BaCl,.2H,0  :  :  too  :  113.IIO,  dz  .0079 

(3.)  2AgCl  :  BaCl,  :  :  100  :  72.650,  d=  .0014 

(4,)  Per  cent,  of  H,0  in  BaCl,.2H,0,  14.799,  ±  0018 

(5.)  BaSO^  :  BaN,Og  :  :  100  :  112.028,  zb  .014 

(6.)  BaCl,  :  BaSO^  :  :  too  :  I12.075,  ±.  .0016 

(7.)  Ag,  :  BaBr,  :  :  loo  :  137.745,  ±  0015 

(8.)  2AgBr  :  BaBr,  :  :  too  :  79.132,  dt  .0015 


*he  reduction  of  these  ratios  depends  upon  the  subjoined  antecedent 

ilues: 

AgT=  107.108,  ±  .0031  N    =  13.935,  db  .0021 

CI  =  35.179,  ±  .0048  S    =  31.828,  ±i  .0015 

Kr  —  79.344,  d=  .0062  AgCl  =  142.287,  dr  .0037 

0  =  15.879,  d=  .0003  AgBr  =  186.452,  ±z  .0054 

"ith  these  factors  four  estimates  are  obtainable  for  the  molecular 
^«»gtt  of  barium  chloride : 

From  (i) BaClj  —  206.577,  dt  .0068 

From  (2) '*      =r  206.542,  dr  .0183 

From  (3) **      ■=  206.745,  rt  .0067 

From  (4) "      =  205.866,  rb  .0257 

General  mean liaClj  -—  206.629,  —   0045 

'w  barium  bromide  we  have : 

From  (7) BaBr^  =  295.070,  dz  .0091 

From  (8) "      =  295.086,  dr  .0102 

General  mean BaBr,  =  295.078,  di  .0068 


^ 
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And  for  barium  itself,  four  values  are  finally  available,  thus: 

From  molecular  weight  BaCI, Ba  =  136.271,  d=  .0106 

From  molecular  weight  BaBr, **  =  136.390,  ±  .0141 

From  ratio  (5) **  =  135.600,  ±  .2711 

From  ratio  (6) **  =  136.563,  i  .0946 

General  mean Ba  =  136.315,  zt  .0085 

Or,  if  0=16,  Ba=  137.354. 

In  the  foregoing  computation  all  the  data,  good  or  bad,  are  I 
Some  of  them,  as  shown  by  the  weights,  practically  vanish ;  bn 
as  in  the  chloride  series,  carry  an  undue  influence.  A  more  trw 
result  can  be  deduced  from  Richards'  experiments  alone,  whid 
as  follows : 

From  Ag,  :  BaCl, BaCl,  =  206.761,  ±  .0080 

From  2AgCl  :  BaCl, **     =  206.754,  zfc  .0067 

General  mean BaCl,  =  206.755,  =*=  .0051 

From  the  bromide,  as  given  above,  Ba  =  136.390,  di  .0141.  I 
value  just  found  for  the  chloride,  Ba  =  136.397,  ±  .0109.  Co 
the  two  values — 

Ba  =  136.392,  ±  .0086. 

Or,  if  0  =  16,  Ba  =  137.434.  This  determination  will  be  aA 
subsequent  calculations  as  the  most  probable. 
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For  the  atomic  weight  of  lead  we  have  to  consider  experiments  made 
Djwn  the  oxide,  chloride,  nitrate,  and  sulphate.  The  researches  of  Ber- 
leliu^  u[)on  the  carbonate  and  various  organic  salts  need  not  now  be 
»nft'idered,  nor  is  it  worth  while  to  take  into  account  any  work  of  his 
lone  before  the  year  1818.  The  results  obtained  by  Dobereiner*  and 
)j  fiOngchampt  are  also  without  special  present  value. 

For  the  exact  composition  of  lead  oxide  we  have  to  depend  upon  the 
wearchesof  Herzelius.  His  experiments  were  made  at  different  times 
uoagh  quite  a  number  of  years  ;  but  were  finally  summed  up  in  the 
wt  edition  of  his  famous  *'  Lehrbuch."  I  In  general  terms  his  method 
f  experiment  was  very  simple.  Perfectly  pure  lead  oxide  was  heated 
1  a  current  of  hydrogen,  and  the  reduced  metal  weighed.  From  his 
eighings  I  have  calculated  the  percentages  of  lead  thus  found  and 
iten  them  in  a  third  column  : 


Earlier  Results. 

8.045  gfm- 

PbO 

gave    7.4675  grm. 

Pb. 

92.8217  per  cent. 

14.183 

13.165 

92.8224       " 

10.8645 

10.084        ** 

92.8160       ** 

13.1465 

12.2045       '* 

92.8346       " 

21.9425 

20.3695       " 

92.8313       *• 

11.159 

10.359 
Latest. 

92.8309      .'* 

6.6155 

i< 

6.141 

92.8275       - 

14.487 

«i 

13.448 

92.8280       " 

14.626 

(t 

13.5775      " 

Mear 

928313       " 
1,  92.8271,  dt  .001 

For  the  synthesis  of  lead  sulphate  we  have  data  by  Herzelius,  Turner, 
in^  Stas.  Berzelius,  §  whose  experiments  were  intended  rather  to  ^^x. 
he  atomic  weight  of  sulphur,  dissolved  in  each  estimation  ten  grammes 
^f  pure  lead  in  nitric  acid,  then  treated  the  resulting  nitrate  with  sul- 
•huric  acid,  brought  the  sulphate  thus  formed  to  dryness,  and  weighed. 
>nt^  hundred  parts  of  metal  yield  of  PbSO, : 

146.380 
146.400 
146.440 
146.458 


Mean,  146.419,  rb  .012 


♦Schwcig.  Journ.,  17,  241.     1816. 
t  Ann.  Chira.  Phys.,  34,  105.     1827. 
J  Bd.  3,  s.  1218. 
I  Lehrbuch,  5th  cd.,  3,  1187. 
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Turaer,*  in  three  similar  experiments,  found  as  follows : 

146^30 
146.398 
146.375 


Mean,  146.401,  d=  .011 

In  these  results  of  Turner's,  absolute  weights  are  implied. 

The  results  of  Stas'  syntheses,!  effected  after  the  same  genei 
but  with  variations  in  details,  are  as  follows.  Ck>rrection8  fti 
in  air  were  applied : 

146.443 
146.427 
146.419 

146.432 
146.421 
146.423 

Mean,  146.4275,  4=  .0024 

Combining,  we  get  the  subjoined  result: 

Berzelius 146.419,    i  .01 2 

Turner 146.401,    db  .01 1 

Stas 146.4275,  d=  .0024 

General  mean 146.4262,  zh  .0023 

Turner,  in  the  same  paper,  also  gives  a  series  of  syntheses  c 
phate,  in  which  he  starts  from  the  oxide  instead  of  from  the  m 
hundred  parts  of  PbO,  upon  conversion  into  PbSO^,  gained 
follows : 

35.84 

35.71 

35-84 

35-75 

35.79 

35.78 

35.92 

Mean,  35.804,  db  .018 

These  figures  are  not  wholly  reliable.  Numbers  one,  two, 
represent  lead  oxide  contaminated  with  traces  of  nitrate.  Th 
four,  five,  and  six  contained  traces  of  minium.  Number  seve 
from  these  sources  of  error,  and,  therefore,  deserves  more  com 
The  series  as  a  whole  undoubtedly  gives  too  Iowa  figure,  and 
would  tend  to  slightly  raise  the  atomic  weight  of  lead. 

•Phil.  Trans..  1853,  527-538. 
t  Aronstein's  translation,  333. 
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Still  a  third  series  by  Turner  establishes  the  ratio  between  the  nitrate 
tnd  ti^e  sulphate,  a  known  weight  of  the  former  being  in  each  experi- 
ment converted  into  the  latter.  One  hundred  parts  of  sulj)hate  represent 
of  nitrate: 

109.312 

109.310 

109.300 


Mean,  109.307,  ±  .002 

In  all  these  experiments  by  Turner  the  necessary  corrections  were 
Bide  for  weighing  in  air. 

In  1846  Marignac*  published  two  sets  of  determinations  of  only 
moderate  value.     First,  chlorine  was  conducted  over  weighed  lead,  and 
the  amount  of  chloride  so  formed  was  determined.     The  lead  chloride 
tag  fused  before  weighing.    The  ratio  to  100  Pb  is  given  in  the  last' 
eolomn: 

20.506  grm.  Pl»  gave  27.517  PbCI,.  134.190 

16.281  **  21.858     **  134.225 

25.454  *'  34.149     "  «34.«59 

Mean,  13^.191,  rfc  .013 

Secondly, lead  chloride  was  precipitated  by  silver  nitrate  and  the  ratio 
between  PbCl^  and  2AgCl  detennined.  The  third  column  gives  the  AgCl 
formed  by  100  parts  of  PbCl, : 


12.534  grm.  PbCl,  gave  12.911  AgCI. 

103.01 

14.052               *'               14.506      ** 

»03.23 

25.533               "               26.399       " 

J03.39 

Mean,  103.21,  =b  .0745 

For  the  ratio  between  lead  chloride  and  silver  we  have  a  series  of  re- 
mits by  Marignac  and  one  experiment  by  Dumas.  There  are  also  un- 
tnilable  data  by  Turner  and  by  Berzelius. 

Marignac,t  applying  the  method  used  in  his  researches  upon  barium 
wid  strontium,  and  working  with  lead  chloride  which  had  been  dried  at 
2Wy*,  obtained  these  results.  The  third  column  gives  the  ratio  between 
PbCl^  and  100  parts  of  Ag: 


4.9975  g™-  J*l>CI,  =  3.8810  grm.  Ag. 

128.768 

4.9980             ••              3.8835 

128.698 

5.0000             *•              3.8835 

128.750 

5.0000             *•              3.8860 

128.667 

^  Mean,  128.721,  rb  .016 

Dtimas,|  in  his  investigations,  found  tiiat  lead  chloride  retains  traces 

\  •Ann.  Chera.  Pharm.,  59,  2.S9,  and  290.     1846. 

i  t  Journ.  fur  Prakt.  Chem.,  74.  218.     1858. 

»c  I  Ann.  Chem.  Pharm.,  113,  35.     i860. 

^  9 
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of  water  even  at  250^,  and  is  sometimes  also  contaminated  wi 
ride.  In  one  estimation  8.700  grammes  PbCl,  saturated  SJ 
The  chloride  contained  .009  of  impurity ;  hence,  correcting,  A| 
100  :  128.750.  If  we  assign  this  figure  equal  weight  with  thoii 
nac,  we  get  as  the  mean  of  all  128.7266,  it  .013.  Thesourcesi 
dicated  by  Dumas,  if  they  are  really  involved  in  this  mean,  i 
slightly  to  raise  the  atomic  weight  of  lead. 

The  synthesis  of  lead  nitrate,  as  carried  out  by  Stas  *  giT« 
results.  Two  series  of  experiments  were  made,  with  from  ] 
grammes  of  lead  in  each  determination.  The  metal  was  d 
nitric  acid,  the  solution  evaporated  to  dryness  with  extreme 
the  nitrate  weighed.  All  weighings  were  reduced  to  the  vacuan 
In  series  A  the  lead  nitrate  was  dried  in  an  air  current  at  a  Ic 
of  about  155.**  In  series  B  the  drying  was  effected  in  vacuo, 
yield  of  nitrate : 

A. 

159-973 
» 59.975 
159.982 
159975 
159.968 

'59973 


Mean,  159.9743,  ifc  .0012 


B. 


159.970 
159.964 

159.959 
159.965 

Mean,  159.9645,  ifc  .0015 
Mean  from  both  series,  159.9704,  rb  .0010 

There  is  still  another  set  of  experiments  upon  lead  nitrate, 
intended  to  fix  the  atomic  weight  of  nitrogen,  which  may  pi 
included  here.  It  was  carried  out  by  Anderson  f  in  Svanbei^ 
tory,  and  has  also  appeared  under  Svanberg's  name.  I^ead  n 
carefully  ignited,  and  the  residual  oxide  weighed,  with  the 
results : 

5- "9485  gf*".  PbNjOg  gave  3.5017  grm.  PbO.  67.4071  per  cen 

9.7244  "  6.5546         ••  67.4037       «• 

9.2181  "  6.2134         ••  67.4044       •• 

9.6530  '«  6.5057         -  67.3957       •* 

Mean,  67.4027,  ±z  .00 

»  Aronstein's  tramtlation,  316. 

t  Ann.  Chim.  Ph3r8.  (3),  9.  254.    1843. 
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IVehave  now  nine  ratios  from  which  to  compute: 

(I.)  Per  cent  of  Pb  in  PbO,  92.8271,  ±  .0013 
(2.)  Per  cent  of  PbO  in  PbN,Og,  67.4027,  dt  .0016 
{3.)  Pb  :  PbS04  •  •  10°  •  146.4262,  db  .0023 
(4,)  PbO  :  PbSO^  :  :  100  :  135.804,  dt  0180 
.  (5.)  PbS04  •  PbNjOg  :  :  100  :  109.307,  ±  .0020 
(6.)  Pb  :  PbNjOg  :  :  loo  :  159.9704,  db  .0010 
(7.)  Pb  :  PbCl,  :  :  100  :  134. 191,  =fc  .013 
(8.)  PbCl,  :  2AgCl  :  :  100  :  103.21,  db  .0745 
(9.)  Ag,  :  PbCI» :  :  100  :  128.7266,  db  .0130 

b  reduce  these  ratios  we  must  use  the  following  data  : 

0  =1   15.879,  ±:  .0003  S       =  31.828,^.0015 

Ag=  107.108,  db  .0031  N      =   13.935,  ±. 0021 

CI  =    35.179,  =*=  .0048  AgCl  =  142.287,  dt.  0037 

'or  the  molecular  weight  of  lead  oxide  we  now  get  three  estimates : 

From  (I) PbO  =  221.375,  ±  .0403 

From  (2) "    =  221.796,  db  .0132 

From  (4) "     =221.944,  db  .1116 

General  mean PbO  =  221.757,  rb  .0125 

For  lead  chloride  we  have — 

From  (8) PbCl,  —  275.723,  d=  .1989 

From   (9) "        rrr  275.753,  dt  .O29O 

General  mean PbCl,  =  275.752,  dr  .0287 

Including  these  results,  six  values  are  calculable  for  the  atomic  weight 

lead: 

From  molecular  weight  of  PbO Pb  —  205.878,  dz  .0126 

From  molecular  weight  of  PbCl, "    r-  205.394,  d=  .0302 

From  (3) "    L^  205.367,  d=  .0051 

From  (5) "   =203.352,  db  .0479 

From  (6) "    =205.341,1^.0068 

From  (7) "    —  205.779,  rb  .0831 

General  mean Pb  =  205.395,  j^  .0038 

ff0=16,  Pb  =  206.960.  If  we  reject  the  first,  fourth,  and  sixth  of 
revalues,  which  are  untrustworthy,  the  remaining  second,  third,  and 
^  give  a  general  mean  of  Pb  =  205.358,  ±  .(X)40.  If  0  =  16,  this 
»me8  Pb  =  206.923.  From  Stas'  ratios  alone  .Stas  calculates  PI)  = 
••918  to 206.934 ;  Ostwald  finds  206.911  ;  Van  der  Plaats  (A),  206.9089, 
>.  206.9308,  and  Thomsen  206.9042.  The  value  adopted  here  repre- 
teouialy  the  work  of  Stas,  and  with  H  =  1  is 

Pb  =  205.358,  ±  .0040. 
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GLUCINUM. 

Our  knowledge  of  the  atomic  weight  of  glucinum  is  chiefl: 
from  experiments  made  upon  the  sulphate.  Leaving  outof  ao 
single  determination  by  Berzelius,*  we  have  to  consider  the 
nished  by  Awdejew,  Weeren,  Klatzo,  Debray,  Nilson  and  Petia 
Kriiss  and  Moraht. 

Awdejew,  f  whose  determination  was  the  earliest  of  any  value 
the  sulphate.  The  sulphuric  acid  was  thrown  down  as  barium 
and  in  the  filtrate,  from  which  the  excess  of  barium  had  beei 
moved,  the  glucina  was  precipitated  by  ammonia.  The  fign 
Awdejew  publishes  represent  the  ratio  between  SO,  and  Gl( 
absolute  weights.  As,. however,  his  calculations  were  made  w 
501.165,  and  Ba  probably  =  855.29,  we  may  add  a  third  columi 
how  much  BaSO^  is  proportional  to  100  parts  of  GIO : 

SOy  GIO.  Ratio. 

4457  «4o6  921.242 

453 «  «420  927.3<H 

7816  2480  915.903 

12880  4065  920814 

Mean,  921.316,  :t 

The  same  method  was  followed  by  Weeren  and  by  Klatzo,  e 
Weeren  used  ammonium  sulphide  instead  of  ammonia  for  the 
tion  of  the  glucina.    Weeren  J  gives  the  following  weights  of 
BaSO^.    The  ratio  is  given  in  a  third  column,  just  as  with  the 
Awdejew : 

GIO.  BaSO^.  Ratio. 

.3163  2.9332  927.031 

.2872  2.6377  918  419 

.2954  2.7342  925.592 

.5284  4.SS23  .          902.946 

Mean,  918.497,  ± 

Klatzo's  §  figures  are  as  follow^s,  with  the  third  column  add 

writer : 

GIO. 

.2339 
.1910 
.2673 

.3585 
.2800 


•  Poggend.  Annal.,  8,  i. 
t  Poggend.  Annal.,  56,  106.    1843. 
X  Poggend.  Annal.,  92,  124.    1854. 
I  Zeitschr.  Anal.  Cbem..  8,  523.    1869. 


BaSO,. 

Ratio. 

2.1520 

920.052 

f.7556 

919.162 

2.4872 

930.490 

3.3"5 

923.710 

2.5842 

922.989 

Mean 

,  923.281, ± 
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Combining  these  series  into  a  general  mean,  we  get  the  subjoined  result : 

Awdejew 921.316,  zh  1.577 

Wccren 918.497,  rfc  3.624 

Klatzo ' 923.281,  -±  1.346 

General  mean 922. 164,  d:  0.985 

Hence  GIO  =  25.130,  ±  .0269. 

Debraj*  analyzed  a  double  oxalate  of  glucinum  and  ammonium, 
61(XHJ,C^0,.  In  this  the  glucina  was  estimated  by  calcination,  after 
Int  converting  the  salt  into  nitrate.  The  following  percentages  were 
tmnd: 

11.5 
II. 2 
II. 6 

Mean,  11.433.  ±.081 

The  carbon  was  estimated  by  an  organic  combustion.  I  give  the 
»eighte,and  put  in  a  third  column  the  percentages  of  CO,  thus  obtained  : 

&//.  CO^.  Percent,  €0^ 

.600  .477  79  500 

.603  .478  79.270 

.600  .477  79.500 

Mean,  79.423,  rb  .052 

Calculating  the  ratio  between  CO,  and  GIO,  we  have  for  the  molecular 
weight  of  the  latter,  GIG  =  25.151,  ■±  .1783. 

In  1880  the  careful  determinations  of  Nilson  and  Pettersson  appeared.f 
These  chemists  first  attempted  to  work  with  the  sublimed  chloride  of 
pucinum,  but  abandoned  the  method  upon  finding  the  compound  to 
»« contaminate<i  with  traces  of  lime  derived  from  a  glass  tube.  They 
™llv  resorted  to  the  crystallized  sulphate  as  the  most  available  salt 
wr  their  purposes.  This  compound,  upon  strong  ignition,  yields  pure 
glucina.   The  data  are  as  follows : 

GIS0,.4H^0,  GIO.  Per  cent.  GIO, 

3-8014  .5387  14.171 

2.6092  .3697  14.169 

4.3072  .6099  14.160 

3.0091  .4266  14.176 

Mean,  14.169,  ±:  .0023 

Kriissand  MorahtJ  in  their  work  follow  the  general  method  adopted 

•Ann.  Chim.  Phys.  {3\  44.  37-     185s. 

t  Berichte  d.  Deutsch.  Chcm.  Gescll.,  13,  1451.     1880. 

t  Ann.  d.  Chem..  262,  3S.     1891. 
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by  Nilson  and  PettersBon,  bnt  with  TauricHis  added  precantioiia  aiid| 

elaboration  of  detail.  Their  glncina  was  derired  from  three  ai 
namely,  leucophane,  beryU  and  gadolinite,  and  the  sulphate  waai 
edly  recrystallized.    The  results  are  subjoined : 


GlSO^iH^O. 

GIO. 

Ptrani,  GIO. 

21.1928 

3.0008 

14.160 

16.20J8 

2.29455 

14- 161 

»5.4934S 

2.1902 

14.136 

20. 1036 

2.8433 

14.143 

22.0465 

3-1'^ 

•4.137 

4.9619 

.7019 

14.»46 

18.3249 

2.5921 

14.145 

24.3907 

3-0253 

14.143 

20.18045 

2.85255 

14.135 

20.0253 

2.8328 

14.146 

18.9840 

2.6832 

14.134 

17.0072 

2.4073 

■4.155 

22.5044 

3.1805 

14.133 

20.88675 

2.95645 

14.154 

19.0591 

2.69305 

14.130 

17.8227 

2.5226 

14.153 

Mean,  I4.144>  ±  •««: 

The  first  two  determinations,  which  give  the  highest  percentagff 
made  upon  sulphate  thrice  crystallized.  The  others  were  madeQ 
salt  four  times  crystallized,  except  in  one  instance,  when  there  WM 
crystallizations.  To  the  data  derived  from  the  four  times  cry§ll 
compound  Kriiss  and  Moraht  give  preference,  and  so  find  a  d 
lower  value  for  the  atomic  weight  of  glucinum.  Combining,  we  hi 
the  mean  percentage : 

By  Nilson  and  Pettersson 14. 169,  i  .0023 

By  KrUss  and  Moraht I4.>44,  ±  .0017 

General  mean I4'153>  ±  .0014 

Taking  now  all  the  data  for  glucinum,  we  have — 

(I.)  GIO  :  BaSO^  ;  :  100 :  922.164,  ±  .985 

(2.)  4CO,  :  GIO  :  :  79-423,  it  .0052  :  11.433,  ±  .081 

(3.)   Percentage  of  GIO  in  G1S0^.4H,0,  14.153,  ±0014 

The  antecedent  atomic  weights  are — 

O  =  15.879,  ±1 .0003  C  —   11.920,  dfc  .0004 

S  =r  31.828,  ih  .0015  Ba  =  136.392,  dt  .0086 
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Hcuc^liie^ubjivinfHl  values  for  i^luciiia: 

pKwn  (i) 
From  (a) 


GIO  =  25, 130,  ±i  .0269 
••  =25*151.^.1781 
**   =r  M  891,  ±  .0025 


G«ornil  meaii] 


, . . .  GIO  =  24.893,  ±  .0025 
And  01  =   9,014,  dr  ,0025 


AU  iU  ralmss  but  thiit  derived  from  the  third  ratio  might  obviously 
|Wnjt^t&l.    Their  influoaGe  upon  the  final  mean  is  altogether  trivial. 


MAGNESIUM, 

Thmk  perhaps  no  common  metal  o{  which  the  atomic  weight  haa 

'  1  ,    r  scrutiny  than  that  of  magnesium.     The  value 

1  iijiiti*in  should,  therefore,  be  relatively  free  from 

tij  u(  the  ordinary  sources  of  error ;  it  is  extensively  applied  in  chem- 

md   ought   consequently  to   be  accurately  iiacertained* 

i»aneie>i,  however.  exi.Ht  between  the  resultj^  obtained  by 

111  inv^tigators ;  so  tliat  the  generally  accepted  figure  cannot  be 

M  ix»  jib.Ho1ut(t]y  free  from  doubt 

I  Hut  etirly  detcninnutiotis  made  by  Berzelius,  Longchamp,  and  Gay* 

pnced  not  be  con^sidered  here,  as  they  have  only  antiquarian  value. 

Bvwtigationsi  which  demand  attention  are  those  of  Scheerer,  Svan- 

,  tnd  N'ordenfeldt,  Jacquelain,  Macdonnell,  Bahr,  Marchand  and 

.  Duma*".  Marifrnac,  Burton  and  Vorce^  and  Rielmrda  and  Parker. 

tier's  method  of  inveatii^ation  waa   exceedingly  simple,^    He 

^yeBtimatefi  the  sulphuric  aciil  in  anhydrous  magnesium  sulphate, 

I  I »nHH»8s  of  precipitation  as  barium  sulphate.     He 

^  .  but  r«*port8  the  percentages  of  80,  tlms  found.     In 

tli  cftlcuktiuni?.  O  ^  100,  SO,  =  500J5.  and  BaO  ^  955.29.  It  is  ea«y, 
"  i>  the  figures  wliich  he  givc^i,  ho  as  to  establish 
reprcj^ents.  viz.,  the  mtio  between  the  sulphates 
•*  ttinum  ftnd  magnesium. 

1    '"     ^'  1   V    rs  sh<»\v  that  1*¥)  pariis  of  MgSO,  yield 


*), 


Pier  cenL  SO^. 

66.608 
66.639 
66.593 


^m,  i9S.66as,  dr  .0274 


*  fH>tfectitL  Annakn,  ^  535^    1^46. 
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In  a  later  note*  Scheerer  shows  that  the  barium  sulphate  of  these  ex- 
periments carries  down  with  it  magnesium  salts  in  such  quantity  as  to 
make  the  atomic  weiglit  of  magnesium  0.039  too  low. 

The  work  of  Babr,  Jae.quelain,  Macdonnell,  and  Marignac,  and  in  part 
that  of  8vanberg  and  Nordenfeldt,  also  relates  tu  the  composition  of 
magnesium  sulphate. 

Jacquelain*8  experiments  were  aa  follows  :  t  ^^y  magnesium  sulpliate 
was  prepared  by  mixing  the  ordinary  hydrous  salt  to  a  paste  with  sul- 
phuric acid,  and  calcining  the  mass  in  a  platinum  erucihic  over  a  sfjirit 
lamp  to  constant  weight  and  complete  neutrality  of  reaction.  This  drv* 
sulphate  was  weighed  and  intensely  ignited  three  successive  timers.  The 
weight  of  the  residual  MgO  liaving  been  determined,  it  was  moistened 
with  sulphuric  acid  and  recalcined  over  a  spirit  lamp,  thus  reproducing 
the  original  weight  of  MgSO^.  Jacquelaii»^  weighings  for  these  two 
experiments  show  that  100  parts  of  I^fgO  correspond  to  the  quantities 
of  ^fg^50^  given  in  the  kisi  column  ; 

1.466  grm.  MgSO^  gave    .492  grm.  MgO.  297.968 

,492     '•     Mg(3        '*     1.466     *•     MgSO^.  297.968 

Jacquelain  nlso  made  one  estimation  of  sulphuric  acid  in  the  foregoing 
sulpliate  as  BaSO^.  His  result  (I  AM  grm.  MgSO,  =  2.838  grm.  BaSOj, 
reduced  to  the  sUvndard  adopted  in  dealing  with  Scheerer  s  experimentSj 
gives  for  KKl  j>art^  of  MgSO«,  193.852  BaSO^.  If  this  figure  be  given  equal 
weiglit  with  a  single  experiment  in  Seheerer's  series,  and  combined  witli 
the  latter,  the  mean  will  be  1113 JOO,  dt  .0331.  This  again  is  subject  to 
the  correction  pointed  out  by  Scheerer  for  magnesium  salts  retained  l»y 
the  barium  sulphate,  but  such  a  correction  determined  by  Scheerer  for 
a  single  experiment  is  only  a  rough  approximation,  and  hardly  worth 
apjilying. 

The  determinations  published  by  MacdonncllJ  are  of  slight  impor- 
tance, and  all  depend  upon  magnesium  sulphate.  First,  the  crystallized 
salt.  MgSOj.TH/^,  was  dried  in  vacuo  over  sulphuric  acid  ami  then  de- 
hydrated at  a  low  red  heat.  The  following  percentages  of  water  w^ere 
found: 

51.13 
5'  H 
51.26 
St. 28 
51.29 

Mean,  51.21,  ±  .020 

^PofCgend.  Annaten,  70,  407. 

t  Ann,  Chini.  Phys.  (3),  3^  »J, 

I  Proc.  Royal  Irish  Acad.,  5.  503,,    DrUisb  A*sociaUon  Report.  1*5?.  p»rt  2.  p,  36. 
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Secondly,  anhydrous  magnesium  sulphate  was  precipitated  with  ba- 
rium chloride.  From  the  weight  of  the  barium  sulphate,  with  SO,  = 
80  and  Ba  =  137,  Macdonnell  computes  the  percentages  of  SO,  given 
below.  I  calculate  them  back  to  the  observed  ratio  in  uniformity  with 
Scheerer's  work : 

Percent,  SOy  Ratio,  MgSO^  :  BaSO^, 
66.67  » 94- 177 

66.73  «94.35« 

66.64  194.089 

66.65  194. 1 18 
66.69  194.239 

In  another  experiment  60.05  grains  MgSO^  gave  116.65  grains  BaSO^, 
a  ratio  of  100  :  194.254.  Including  this  with  the  preceding  figures,  they 
give  a  mean  of  194.205,  ±  .027.  This,  combined  with  the  work  of 
Scheerer  and  Jacquelain,  193.700,  ±  .033,  gives  a  general  mean  of— 

MgSO^  :  BaS04  :  :  *oo  :  '94.«>3,  ±-  •021. 

In  one  final  experiment  Macdonnell  found  that  41.44  grains  of  pure 
magnesia  gave  124.40  grains  of  MgSO^,  or  300.193  per  cent. 

Bahr's*  work  resembles  in  part  that  of  Jacquelain.  This  chemist 
converted  pure  magnesium  oxide  into  sulphate,  and  from  the  increase 
in  weight  determined  the  composition  of  the  latter  salt.  From  his  weigh- 
ings 100  parts  of  MgO  equal  the  amount*!  of  MgSO^  given  in  the  third 
column: 

1.6938  grm.  MgO  gave  5.0157  grm.  MgSO^.  296.122 

2.0459  "  6.0648  '♦  296.437 

1.0784  "  3. '925  **  296.040 


Mean,  296.200,  i  .0815 

About  four  years  previous  to  the  investigations  of  Bahr  the  paper  of 
Svanberg  and  Nonlenfeldt  f  appeared.  These  chemists  started  with  the 
oxalate  of  magnesium,  which  was  dried  at  a  temperature  of  from  1(X)° 
to  105°  until  it  no  longer  lost  weight.  The  salt  then  contained  two 
molecules  of  water,  and  upon  strong  ignition  it  left  a  residue  of  MgO. 
The  percentage  of  MgO  in  the  oxalate  comes  out  as  follows  : 

7*2634  grm.  oxalate  gave  1.9872  grm.  oxide.  27.359  per  cent. 

6.3795  ♦♦  1.7464         "  27.375       ♦♦ 

6.3653  "  1.7418         ♦'  27.364       ♦• 

6.2216  *•  1.7027         "  27.368 

Mean,  27.3665,  dr  .0023 


•  Journ.  far  Prakt.  Chcin.,  56,  310.     185a. 
t  Jouru.  fur  Prakt.  Chera.,  45,  473.     1848. 
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In  thrati  of  these  experiment-i  the  MgO  waa  treated  with  HjSO,^  nntl 
c'onvertefl*  as  by  Jneqndfiiii  and  by  Buhr  in  their  later  ronearches,  into 
MgS(-V     i)nt!  hundred  parta  of  MgO  gave  of  NlgSO^  as  fullowj^t 


1,987a  gnu.  MgO  gave  5.8995  gnt).  MgSO^, 


r.74«» 


5. '785 
5.itM>6 


296.875 
296.5 1 J 
296.624 

Menu,  296,671,  ±  .072 


III  I S"»0  the  elaborate  investigations  of  Marchaiid  and  Scheerer^  ap- 
pearetl.  Tlie^e  cfieinirft^-  undertook  to  determine  the  cotu position  of 
some  natural  tnagne.'iites,  aiid,  by  a[>plying  corrections  for  imjiurities,  to 
deduce  from  their  resnlti  the  sought-for  atomic  weight.  The  magnetite 
chosen  for  the  investigation  wa^*,  tii*st,  a  yellow,  transparent  variety  from 
Snaruni ;  second,  a  white  opaque  mineral  from  the  same  locality  ;  and» 
third,  a  very  pure  quality  from  Fmnkeiisteiij.  In  each  case  the  im- 
purities were  carefully  determined  ;  but  only  a  part  of  the  detaib  need 
be  cited  here.  Silica  wa.*^  of  course  easily  corrected  for  by  simple  sub- 
traction from  the  sum  of  all  of  the  constituents;  but  iron  and  calcium^ 
wdien  fonufh  havitig  been  present  in  the  mineral  as  carlionatcs,  required 
the  assignment  to  them  of  a  portion  of  the  carbonic  acid.  In  the  atomic 
weight  detenninations  the  ruineral  wils  Erst  dried  at  300^  The  loss  in 
weight  U|>on  ignition  was  tlien  carbon  dioxide.  It  was  ftjund,  however, 
that  even  Ijerc*  a  correction  was  necessary,  Magnesite,  upon  drying  at 
8iW)°,  loses  a  trace  of  CO,^,  and  still  retains  a  little  water;  on  the  other 
hand,  -i  minute  quaiitity  of  CO..  remains  even  after  ignition.  The  CO,^ 
expelled  at  300°  ainouiited  in  one  experiment  to  ,054  per  cent, ;  that 
retaineil  after  calcination  to  .055  per  cent.  Both  errors  tend  in  the  same 
flirection,  and  increa«se  the  apparent  percentage  of  MgO  in  the  magnesite. 
Oil  the  yelliJW  mineral  from  Snartim  the  crude  results  are  as  Ibllows, 
giving  percentages  of  MgO,  FeO,  and  CO,  after  eliminating  silica: 

CO,.  Jlf^O,  FeO. 

51.^958  47-3278  .7764 

5»  S798  47-33M  .7809 

51*8734  47.3»S4  *8«i2 

5t.**875  473372  -7753 

Mean,  47-3299.  db  .0037 

After  applying  corrections  for  loss  and  retention  tif  CO^,  09  previously 
indicatcil,  the  mean  results  of  the  foregoing  scries  become — 

CO,.  MjrO.  FifO. 

5^9931  47-2743  '7^^ 

The  ratio  between  the  MgO  and  the  CO,,  after  correcting  for  the  iron, 
will  he  considered  further  on. 


•  Joiirw.  fOr  Pmkt.  Cbcm,,  50,  335. 
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OJvbe  white  magnesite  from  Snarum  but  a  single  analysis  was  made, 
ihich  for  present  purposes  may  be  ignored.  Concerning  the'  Franken- 
ikein  mineral  three  series  of  analyses  were  executed.  In  the  first  series 
the  following  results  were  obtained  : 

8.996  grm.  CO,  =  8.2245  gnn.  MgO.  47.760  per  cent.  MgO. 

7.960  **  7.2775         '*  47.761  ** 

9.3265  ••  8.529  "  47.767 

7.553  "  6.9095    *     -  47.775 

M^an,  47.766,  d=  .0022 

This  mean,  corrected  for  loss  of  CO,  in  drying,  becomes  47.681.  I  give 
•eriee  second  with  corrections  applied : 


6.8195  g"n. 

MgCO, 

gave  3.2500  grm 

.  MgO. 

47.658  per  cent. 

II.3061 

5.3849 

47.628       " 

9.7375 

4.635 

47-599       " 

12.3887 

5.9033 

47.650       •* 

3«-4i48 

15.453 

47.674       " 

38.8912 

18.5366 

47.663       •• 

26.5223 

12.6445 

47.675       " 

Mean,  47.650,  ±  .0069 

The  third  series  was  made  upon  very  pure  material,  so  that  the  cor- 
wctiong,  although  applied,  were  less  influential.  The  results  were  as 
i>IIow8 : 

4.2913  gnn.  MgCO,  gave   2.0436  grm.  MgO.  47.622  per  cent. 

37.8286  "  13.2539         "  47.627       •* 

14.6192  **  6.9692         '*  47.672       '• 

18.3085  ••  8.7237         '•  47.648       *' 

Mean,  47.642,  rh  .0077 

In  a  supplementary  paper*  by  Scheerer,  it  was  shown  that  an  impor- 
^nt  correction  to  the  foregoing  data  had  been  overlooked.  Scheerer,  re- 
*^*niining  the  magnesites  in  question,  discovered  in  them  traces  of  lime, 
^hich  had  escaped  notice  in  the  original  analyses.  With  this  correction 
the  two  magnesites  in  question  exhibit  the  following  mean  composition  : 


CO,.. 
MgO. 
CaO.. 
FcO.. 


Snarum. 

Ftankenslein. 

52.131 

52.338 

46.663 

47.437 

.430 

.225 

.776 

100.000 

100.000 

v-orrecting  for  lime  and  iron,  by  assigning  each  its  share  of  CO,,  the 
^Mnim  magnesite  gives  as  the  true  percentiige  of  magnesia  in  pure 


*  Ann.  d.  Chera.  und  Pharm.,  110,  240. 
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magnesium  carbonate,  the  figure  47.624.  To  this,  without  8eii<M| 
take,  we  may  assign  the  weight  indicated  by  the  probable  error,  d^ 
the  quantity  previously  deduced  from  the  percentages  of  MgO  || 
the  uncorrected  analyses. 

From  the  Frankenstein  mineral,  similarly  corrected,  the  find 
percentage  of  MgO  in  MgCO,  becomes  47.628.  This,  however,  rep 
three  series  of  analyses,  whose  combined  probable  errors  may  b 
erly  assigned  to  it.    The  combination  is  as  follows: 

±  .0022 

± .0069 

:t  .0077 
Result,  zt  .cx)20,  probable  error  of  the  general  n 

We  may  now  combine  the  results  obtained  from  both  magned 

Snanim  mineral Per  cent.  MgO,  47.624,  ±  .0037 

Frankenstein  mineral **  47.628,  =b  .0020 

General  mean Per  cent.  MgO,  47627,  ib  .0018 

'ITie  next  investigation  upon  the  atomic  weight  of  magnesiutl 
we  have  to  consider  is  that  of  Dumas.*  Pure  magnesium  chlor 
placed  in  a  boat  of  platinum,  and  ignited  in  a  stream  of  dry  hydn 
acid  gas.  The  excess  of  the  latter  having  been  expelled  by  a  ca 
dry  carbon  dioxide,  the  platinum  boat,  still  warm,  was  placed  ini 
vessel  and  weighed  therein.  After  weighing,  the  chloride  was  ^ 
and  titrated  in  the  usual  manner  with  a  solution  containing  ft 
quantity  of  pure  silver.  The  weighings  which  Dumas  reports 
proportional  to  100  parts  of  silver,  the  quantities  of  MgCl,  statec 
third  column :  • 

2.203  grm.  MgCl,  =  4.964  grm.  Ag.  44-3^ 

2.5215  •'  5.678  *»  44.408 

2.363  **  5.325  "  44.376 

3.994  **  9.012  **  44.319 

2.578  ♦♦  5834  "  44189 

2.872  *'  6.502  *•  44.171 

2.080  *'  4.710  "  44.161 

2.214  "  5002  •*  44262 

2.086  "  4.722  "  44-«76 

1.688  "  3823  "  44.154 

1.342  "  3.031  "  44.276 

Mean,  44.261,  ±  .oao 

This  determination  gives  a  very  high  value  to  the  atomic  w 
magnesium,  which  is  unquestionably  wrong.  The  error,  prol 
due  to  the  presence  of  oxychloride  in  the  magnesium  chloride  U 

•Ann.  Chcm.  Pharra.,  113,  33.    i860. 
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impurity  tending  to  raise  the  apparent  atomic  weight  of  the  metal, 
fidiards'  and  Parker's  revision  of  this  ratio  is  more  satisfactory. 

Mtrignac,*  in  1883,  resorted  to  the  old  method  of  determination,  de- 
pending upon  the  direct  ratio  between  MgO  and  SO,.  This  ratio  he 
meisured  both  synthetically  and  analytically.  First,  magnesia  from 
nriouggources  was  converted  into  sulphate.  The  MgSO^  from  100  parts 
of  MgO  is  given  in  the  third  column : 

AfgO,  MgSO^,  Ratio. 

I *-5635  4.6620  298.17 

2 1.4087  4.2025  298.32 

3 «-59«7  4.7480  298.30 

4 1.4705  4.3855  298.23 

5 1.4778  4.4060  298.15 

6 1.6267  4.8530  298.33 

7 1.3657  4.0740  298.37 

8 '.9575  5.8390  298.29 

9 1.6965  5.0600  298.26 

10 1.8680  5.57«5  298.26 

Mean,  298.27,  ±  .0149 

The  magnesia  for  experiments  1  to  5  was  prepared  by  calcination  of 
the  nitrate,  that  of  6  to  8  from  the  sulphate,  and  the  remaining  two  from 
the  carbonate.  But  Richards  and  Rogers  t  have  shown  that  magnesia 
derived  from  the  nitrate  always  contains  occluded  gaseous  impurity,  so 
that  the  experiments  depending  upon  its  use  are  somewhat  questionable. 
The  results  tend  to  give  an  atomic  weight  for  magnesium  which  is  pos- 
ribly  too  high.  Whether  the  other  samples  of  magnesia  are  subject  to 
sirailar  objections  I  cannot  say. 

Marignac's  second  series  was  obtained  by  the  calcination  of  the  sul- 
phate, with  results  as  follows : 

MgSO^.  MgO.  Ratio. 

3.7705  1.2642  298.25 

4.739^  1.5884  298.39 

3.3830  1.1345  298.19 

4.7154  1.5806  298.33 

4.5662  1.5302  298.43 

4.5640  1.5300  298.30 

3.2733  1.0979  298.14 

4.8856  1.6378  298.30 

5.0092  1.6792  298.31 

5.3396  1.7898  298.33 

5.1775  '.7352  298.38 

5.0126  1.6807  298.24 

5.0398  1.6894  298.32 


Mean,  298  30,  rb  .0150 


•Arch.  Sci.  Phys.  et  Nat.  (3),  10,  206. 
\  Am.  Chera.  Journ.,  15,  567.    1893. 


142  THE  ATOMIC  WEIGHTS. 

These  data  may  now  be  combined  with  the  work  of  previous  investi- 
gators, giving  MacdonnelPa  one  result  and  Jacquelain*s  two,  each  equal 
weight  with  ii  single  experiment  in  Balir'n  series: 

Macdonnel] ,,....,,..  .    .  300.195^  ±  -M'S 

Jacquclain  .   ^97*968,  ±  ^0999 

Bahr 296.200,  dr  .0815 

Svanbcrg  and  Nordenfcldt .   296.671,  rt  .0720 

Mangnac,  synlhelic  . , . . , ...,..,,,..   29S.27,    ^  «OI49 

Martgnac,  calcinatiun , ,   298.30,    ±  »0I  50 

General  mean .,...,,... 298*210,  dr  .OI03 

Burton  and  Vorce,*  who  pubHslied  tlieir  work  on  magnesium  in  1890* 
started  out  with  the  metal  itself,  whicli  had  been  purified  by  distillation 
in  a  Sprengel  vacuum.  This  metal  was  diaeolved  in  pure  nitric  acid^ 
and  the  resulting  nitrate  was  converted  into  oxide  by  calcination  at  a 
white  heat.  The  oxide  was  careful iy  tested  for  oxides  of  nitrogen,  which 
were  ]> roved  to  be  ab8ent,  but  occluded  gases,  the  impurity  pointed  out 
by  Richards  and  Kogers,  were  not  suspected.  This  impurity  must  have 
been  present,  and  it  would  tend  to  lower  the  apparent  atomic  weight  of 
magnesium  as  calculated  fn»m  the  data  obtained.  The  results  were  as 
follows,  tugether  with  the  percentage  of  Mg  in  MgO: 

Mg  Taken,  MgO  Formed.  Percent.  Mg, 

*  33009  ,54766  60.273 

.34512  .57252  60,281 

.26038  •43221  60.290 

.2S600  .47432  60.297 

.309  J  7  .51273  60.299 

.27636  .45853  60,271 

.36457  -60475  60.284 

.32411  .53746  60.304 

.32108  ^53263  60.282 

.28323  ,46988  60.262 

Mean,  60.2845,  =t  .0027 


The  latest  detenu i nations  of  all  are  those  of  Richards  and  Parker,t 
who  studied  magnesium  chloride  with  all  tbe  precautions  suggested  by 
the  nM)st  recent  researches.  The  salt  itself  was  not  only  free  from  oxy- 
chloride,  but  alao  spectroscopically  pure  as  regards  alkaline  contamina- 
tions, and  all  weighings  were  reduced  to  a  vacuum  standard.  The  fii-st 
series  of  experiments  gives  the  ratio  between  silver  chloride  and  mag- 
nesium ehloride,  and  I  have  reduced  the  data  to  the  form  2AgCl :  MgCl, ; : 
1C)(> :  jr.    The  weighings  and  values  for  %  are  subjoined : 

•Am.  Chem.  Journ.,  ra,  219,    1890, 
fZciUch.  Aiiorg.  Chcm.,  ij.  Si.     1896, 
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MgCK 

AgCL 

Ratio, 

'.33550 

4.01952 

33.225 

1.51601 

4.56369 

33.219 

1.32413 

3.98528 

33.226 

1.40664 

4.23297 

33231 

1.25487 

3.77670 

33227 

143 


Mean,  33.226,  rb  .0013 

The  remaining  series  of  experiments,  three  in  number,  relate  to  the  ratio 
g :  MpCl,,  which  was  earlier  investigated  by  Dumas.  For  the  elaborate 
tails  of  manipulation  the  original  memoir  must  be  consulted.  I  can 
re  little  more  than  the  weights  found,  and  their  reduction  to  the  usual 


sAg,:MgCl,: 

:100:a:; 

Second  Series. 

MgCl^. 

2.78284 
2.29360 
2.36579 

6.30284 
5.19560 
5.35989 

Ratio. 
44.152 

44.145 
.    44.130 

Mean,  44.142,  rb  .0043 

This  series  gives  slightly  higher  results  than  the  others,  and  the 
ithore,  for  reasons  which  they  assign,  discard  it : 

Third  Series. 


MgCl,. 

Ag, 

Ratio. 

1.99276 

4.5«554 

44. »3' 

1.78^70 

4.05256 

44- 138 

2.12832 

4.82174 

44.140 

2.5i4«3 

5.69714 

44.141 

2.40672 

5.45294 

44.136 

1.95005 

441747 

44.144 

Mean,  44.138,  dr  .0013 

^^  fourth  series,  because  of  the  experience  gained  in  the  conduct  of 
^^  preceding  determinations,  is  best  of  all,  and  the  authors  adopt  its 
'^Itfi  in  preference  to  the  others : 

Fourth  Series. 

AfgClr  Ag.  Ratio. 

2.03402  4.60855  44.136 

1.91048  432841  44.138 

2.09932  4.75635  44.137 

1.82041  412447  44.137 

1.92065  4.35»5i  44.138 

I.II172  2.51876  44.138 

Mean,  44.137,  ±1  .0003 
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These  series  combine  with  that  of  Dumas  as  follows : 

D^mas 44.261,  ±  .0200 

Richards  and  Parker,  second  series 44.142,  =h  •O043 

Richards  and  Parker,  third  series 44.138,  zt.  .0013 

Richards  and  Parker,  fourth  series 44. 137,  d=  .0003 

General  mean 44, 138,  db  .cxx)3 

Here  the  first  two  values  practically  vanish,  and  the  third  m 
series  of  Richards  and  Parker  appear  alone. 

To  sum  up,  we  now  have  the  subjoined  ratios,  bearing  upon  ti 
weight  of  magnesium : 

(i.)  MgSO^  :  BaSO^  :  :  lOO  :  194.003,  ±  .021 

(2.)  MgO  :  MgSO^  :  :  lOO  :  298. 2IO,  db  .0103 

(3.)  Per  cent,  of  water  in  MgSO^,  7H,0,  51.21,  zt  .oao 

(4.)  Per  cent,  of  MgO  in  oxalate,  27.3665,  ±.  .0023 

(5.)  Per  cent,  of  MgO  in  carbonate,  47.627,  ±  .0018 

(6.)  Per  cent,  of  Mg  in  MgO,  60.2845,  rb  .0027 

(7.)  2Ag  :  MgCI,  :  :  100  :  44.138.  ±  -0003 

(8.)  2AgCl  :  MgCI,  :  :  100  :  33. 226,'±  .0013 

To  reduce  these  ratios  we  have — 

O   =   15-879,^.0003  c       =    11.920,  rb  .0004 

Ag  =  107. 108,  zb  .0031  Ba      =  136.392,  rb  .0086 

CI  =    35.>79,  =fc  0048  AgCl  =  142.287,  dt  .0037 
S    =r    31.828,  db  .0015 

For  the  molecular  weight  of  MgSO^,  two  values  are  now  calci 

From  (I ) MgSO^  =  1 19.450,  db  .0137 

From  (3) •     •'       =1 19.239,  rb  .0675 

General  mean MgS04  =  1 19.443,  =b  .0135 

Hence  Mg  =  24.099,  ±:  .0136. 
For  MgO,  three  values  are  found  : 

From  (2) MgO  =  40.091,  rb  .0023 

From  (4) **     =  40.404,  ±  .0037 

From  (5) **     =  39  721,  d=  .0021 

General  mean *. . . . .   MgO  =  39.974,  db  .0014 

Hence  Mg  =  24.095,  ±  .0014. 
For  MgClj  there  are  two  values : 

From  (7) MgCl,  =  94.551.  =t  .0032 

From  (8) "      =  94-553,  :i=  .0044 

General  mean MgCl,  =  94.552,  ±  .0026 

Hence  Mg  =  24.194,  =b  .0099. 
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With  the  aid  of  these  intermediate  values,  four  estimates  of  the  atomic 
weight  of  magnesium  are  available,  as  follows : 

From  molecular  weight  of  MgSO^. . . .  Mg  =  24.099,  dr  .0136 

From  molecular  weight  of  MgO **  =  24.095,  zh  .0014 

From  molecular  weight  of  MgCl, **  =  24. 194,  d:  .0099 

From  ratio  (6) **  =24. 103,  it  .0020 

General  mean Mg  =  24. 100,  zt  .001 1 

If  0  =  16,  this  becomes  Mg  =  24.283. 

On  purely  chemical  grounds  the  third  of  the  foregoing  values,  that 
tei?ed  from  magnesium  chloride,  seems  to  be  the  best.  I  should  un- 
heritatingly  adopt  it,  rejecting  the  others,  were  it  not  for  the  fact  that  it 
wrtB  upon  one  compound  of  magnesium  alone,  and  therefore  is  not  ab- 
lolutely  conclusive.  It  agrees  admirably,  however,  with  the  sulphate 
determinations  of  Marignac,  and  it  is  highly  probable  that  it  may  be 
Wly  confirmed  later  by  evidence  from  other  sources. 

Marignac'8  data,  taken  alone,  give  Mg  =  24.197.  The  fourth  series  of 
Kchards  and  Parker,  by  itself,  gives  Mg  =  24.180.  The  approximate 
>wan  of  these,  24.19,  may  be  preferred  by  many  chemists  to  the  general 
'Wan  derived  from  all  the  observations. 
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ZINC. 


The  several  detemiinaiiona  of  the  atomic  weight  of  zinc  are  by  no 
iTieans  dat^ely  t^oiioordant.  The  results  obtained  hy  Gay-Lu88ac*  and 
Berzeliu8  f  were  undoubtedly  too  low,  and  may  be  disregarded  here. 
We  need  consider  onl}^  the  work  done  by  later  investigators. 

In  1842  Jaequelain  published  the  results  of  his  invesligations  ujion 
this  important  constant  J  In  two  c^xperirnents  a  weighed  quantity  of 
zinc  was  converted  into  nitrate,  and  that  by  jfjnition  in  a  platinum  cruci- 
ble was  reduced  to  oxide.  In  two  other  experiments  sulphuric  acid 
took  the  place  of  nitric.  As  tlie  zinc  contained  small  i|nanlitics  of  lead 
and  iron,  these  were  estimated,  and  the  necessary  corrections  applied. 
From  the  weights  of  metal  and  oxide  given  by  Jaequelain  the  percent- 
ages have  been  calculated : 


Nitric  Strips. 

9.917  grm.  Zn  gave  12.3138  grm.  ZnO. 
9,809  '*  J2.iSoo         '* 


80.536  percent.  Zn. 
80,534 


Suip/t^Hc  Series. 


2,398  grm,  Zn  gave  2,978  grm.  ZnO, 
3.197  '*  3.968        •' 


80.524 
80.570 


Mean  of  all  four,  80.541,  i  .007 

Hence  Zn  =  65.723. 

The  method  adopted  by  Axel  Erdmann§is  essentially  the  eia me  as 
that  of  Jaequelain,  but  varies  from  the  latter  in  certain  important  details. 
Firsts  jjure  zinc  oxide  was  prepared,  ignited  in  a  covered  crucible  with 
suj^ar,  and  then,  to  complete  the  reduction,  ignited  in  a  porcelain  tube 
in  a  current  of  hydrorren.  The  pure  zinc  thus  obtained  was  converted 
into  oxide  by  means  of  treatment  with,  nitric  acid  and  subsequent  igni- 
tion in  a  porcelain  crucible.  Erdinaun'a  ligures  give  us  the  tbllowing 
percentages  of  metal  in  the  oxide : 


Mean,  80,260,  rh  .0037 


Hence  Zn^  64.562. 


•M^motred'ArceiitU  a,  t74* 

fGilb.  AtitiaL.  37,  460. 

tCompt.  Rend.,  14^  636. 

I  Fosgend.  Annal  .  62,  I5tt.    Vttrt.  T.ehrb..  3.  1219 
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Upon  comparing:  Erdmann'a  results  with  those  of  Jacquelain  two 
points  are  worth  noticing?:  Firsts  Erclmann  worked  with  purer  material 
than  Jacquelain,  although  the  latter  applied  corrections  for  the  impuri- 
ties which  he  knew  were  present;  secondly,  Erdnmnn  calcined  his  zinc 
nitrate  in  a  porcelain  crucible,  while  Jacquelain  used  platlnuni.  In  the 
latter  ca^c  it  luus  been  shown  that  p)prtion9  of  zinc  may  become  reduced 
and  alloy  themselves  with  the  |datinuni  of  the  crucible;  hence  a  lower 
weit^ht  of  oxi*le  from  a  *,dven  quantity  of  zinc,  a  higher  percentage  of 
metal,  and  an  increased  atomic  wci;j;lit.  This  source  uf  cuiistant  error 
has  undimbteilly  affected  Jacquelain^s  experiments,  and  vitiated  his 
re^nttd.     In  Erdmann'n  work  no  8uch  errors  seem  to  hv  present. 

Fttvre*  employed  \\\o  methods  of  investigation.  First,  zinc  was  dis- 
solved in  sulphuric  acid,  the  hydrogen  evolved  was  burned,  and  the 
weight  of  water  thus  formed  was  determined,  To  his  weighings  I  ap- 
l>end  the  ratio  between  metallic  zinc  and  UMJ  parts  of  water: 

25.389  grin.  Zn  gave  6.928  griQ.  H,0.  366.469 

30.369  **  8.297         "  3^6024 

31.776  *'  8.671         "  366.463 

Mean.  366.319,  ±  .088 

Hence  Zn  =  65.494. 

The  second  method  adopted  by  Favre  was  to  Imrn  pure  zinc  oxalate, 
ami  to  weigh  the  oxide  and  carbonic  acid  thus  produced,  Fnun  the 
ratio  between  these  two  gjel^  of  weights  the  atomic  weight  of  zinc  is  easily 
deducilile.  From  Favre 's  weighings,  if  CO^  —  IIK),  ZnO  will  be  as  given 
in  the  third  column  below  : 

7,796  grm.  ZnO  =  8.365  gmi.  COj.  93. 198 

7.343  '*  7.8S3         -  93.137 

5.2065         •'  S'S^        *'  93173 

Mean,  93.169,  :t:  .012 

Hence  Zn  =  65.521. 

Both  of  the^se  determinations  are  open  to  objectionR.  In  tlie  water 
fieries  it  was  es.sential  that  the  hydrogen  should  lirst  be  thoroughly  dried 
before  combustion,  and  then  tliat  tvery  trace  of  water  formed  should  be 
collected.  A  trivial  loss  of  hydrogen  or  of  water  wouM  tend  to  increase 
the  apparent  atomic  weigtit  of  zinc. 

In  the  combustion  of  the  zinc  oxalate  equally  great  dilficnltics  are 
cnconntered.  Here  a  variety  of  errors  are  possible,  such  as  are  ilue,  for 
example,  to  impurity  of  material,  to  imperfect  drying  of  the  carbon 
dioxide,  and  to  incomplete  collection  of  the  latter,  indeed  a  fourth 
combu!^tion  is  omitted  fn>m  the  series  as  given,  liaving  been  rejected  by 
Favre  himself.  In  this  case  the  oxide  formed  was  contaminated  by  traces 
of  sulphide. 

•Ann.  ChitD.  Phyiu  (1),  10,  i6j.     1*144, 
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Baubigny,*  in  1883,  resorted  to  the  well-known  sulphate  method. 
Zinc  sulphate,  elaborately  purified,  was  dried  at  440°  to  coustant  weight, 
and  then  calcined  at  a  teinjierature  equal  to  the  foiling  point  of  gold. 
These  data  were  obtained : 

ZnSO^.  ZnO.  Percent,  ZnO. 

6.699  3.377  50410 

S.776  4^4245  S<>-4»& 

Mean,  50.413,  ±:  .0020 

Mence  Zn  =  64.909. 

In  Mari^nac'j?  deterunnations  of  the  atomic  weight  of  zinc,  published 
alao  in  lS83,t  there  is  a  peculiar  complication,  After  te^sting  and  criti- 
cising some  other  methods,  he  finally  decided  to  study  the  double  salt 
ICjZnCl^,  which*  however,  is  difiicult  to  obtain  in  ahsokitely  definite  con- 
dition. Although  the  compound  was  purified  by  repeated  crystallisa- 
tions, it  waa  found  to  deliquesce  readily,  and  thereby  to  untlergo  partial 
dissociation,  losing  chloride  of  zinc,  and  leaving  the  porous  layer  on  the 
crystalline  surfaces  richer  in  potassium.  In  order  to  evade  this  diffi- 
culty, Marignac  placed  a  large  quantity  of  the  salt  in  a  funnel,  and  col- 
lected the  liquici  product  of  deliquescence  as  it  ran  down.  In  this 
product  he  determined  chlorine  by  volumetric  titration  with  a  standard 
solution  of  silver,  and  also  estimated  zinc  by  precipitation  with  sodium 
carbonate^  and  weighing  lis  oxide.  From  the  data  thus  obtained  equa- 
tions were  formed,  giving  for  each  analysis  an  atomic  weight  of  zinc 
which  is  independent  of  the  proportion  between  ZnCl,  and  KCl  in  the 
substance  analyzed.  The  tlata  unfortunately  are  too  bulky  for  repro- 
duction here  and  the  calculations  are  complex  ;  but  the  results  found  for 
zinc,  when  Ag  =  107,93,  CI  =  35.457,  and  K  ^  39,137,  are  aa  follows: 

1 .  One  tittaiion , Zn  —  65.2a 

2.  Two  titrations » 65.37 

3.  Two  titrations 65.31 

4.  Two  titrations 65,28 

5.  One  tiiralion 65,26 

Each  of  these  values  represents  a  distinct  sample  of  the  deliquesced 
material,  and  the  number  nf  chlorine  determinations  is  indicated. 

A  second  set  of  determinations  was  made  by  the  same  analytical 
method  directly  upon  the  reeryt^tallized  and  carefully  dried  K,ZnCI,. 
The  values  for  Zn  are  iis  follows : 


6.  Two  titrations  . 

7.  Two  titrmlions  , , 

8.  One  titration 


Zn  =  65  28 

65.39 
05.32 


♦  Ccmpt.  Rtrnd.,  97,  906.    iSSj, 

t  Ar^h.  ScL  Phys.  cl  Nat.  U).  10.  iq4. 
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[•lb  order  to  ndaf^t  these  data  to  the  uniform  scheme  of  calculation  era- 
lord  in  Ihw  work,  takinj^  into  account  their  probable  error  and  the 
i»UUv  errors  of  thu  antecedent  values  for  K,  CI,  and  Ag,  it  seems  to 
tttffl  to  calculate  them  back  with  the  atomic  weights  used  by  Marignac 
\  form  of  the  ratio  Air^ :  K,  nCl^ :  :  1(X* :  x.  Doin^  this,  and  tak- 
valuo  ns  many  times  as  there  are  titrations  represented  in  it — 
t  ii,  gtrin}^  tlie  rfi^ults  of  a  double  detem)ination  twice  the  weight  of  a 
-we  hiirc  the  following  series  of  data  for  the  ratio  in  question : 

From  I .  (16.090 

Fion,.  ["t'^ 

I  66. 124 

-_  166J10 

Front  -  -   i  .. 

1 66.  MO 

rr«n4 ..-if-"^ 

160,104 

Fmm  5 .  , , .,..     66.09^ 

Ffotnfi.  .    ■-.-1!!''°^ 

I  66. 104 

F,^7  {^"^ 

166.129 

From  S .,.,.   ....»     66.113 

Mean,  66,111,  dr  ,0O3i 

[Rtflce,  from  MarignacV  work,  Ag,  :  K.ZnCl, : :  100:  66.111,  ±  ,0O23»  a 
Blionhich  can  he  diiscusiied  alon^  with  others  at  the  cIobo  of  this  chapter. 
[ During  the  5*ean^  between  1S83  and  1880*  a  number  of  dctcnninationa 
mad«  of  the  direct  ratio  b*jtween  zinc  and  hydrogen — that  is, 
I  qtuuititioB  of  zinc  were  dissolved  in  acid,  the  hydrogen  evolved 
arwl,  and  frr»m  its  volume,  with  Regimult'H  data,  the  weight  of 
ltCrm|)titiKl.  FIrKt  in  order  are  Van  der  Plaats*  <letcnni nations* 
ri^alti")  aM  given  by  himaelf^  are  subjoined.  The  weights  are 
Jtwed  to  a  vacuum.     Sulphuric  acid  was  the  solvent 

2m,  grms,  H,  Hires.  Zn  = 

6,6725  f.U«4  65.21 

«.it7l  1.5^3  65.14 

IJ^JSS  2.3767  65.18 

Mean,  65.177,  i+r  .0137 

VitkMh^  !vw  Vfihie  for  the  weight  of  hydrogen,  .089872  gramme  per 
\n  =  64.080,  ±  .0137. 
M  i.i^aigay  made  29  determinations  of  tliis  ratio.f  rejecting, 
•*^<^r.aU  but  *i.    The  weighing??  were  reduced  to  vacuum » and  in  each 
^Ptrimenl  the  volume  of  hydrogen  was  fixed  by  the  mean  of  seven  or 
-"^uaingB.    The  values  for  Zn  are  as  foilowd: 

•Cotnpt.  RnuL,  ton,  99.    rJtfis 
f  JoiirD.  Chem.  Soc..  51,  Sm-    i®?* 
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65*5060 
65,4766 
65.4450 
65.5522 
65,4141 

Mean,  65.4787,  ±:  ,0161 

These  values  were  computed  with  Regnault's  data  for  the  weight  of  H. 
Corrected  by  the  new  value  t!ie  mean  becomes  Zn  =  65.280,  ±  .016L 

A  few  detemiiiiations  by  Mallet  were  made  incidentally  to  his  work  on 
the  atomic  weight  of  gold,  and  appear  in  the  same  paper.*  According 
to  these  experiments,  one  gramme  of  zinc  gives — 

341.85  cc.  H.^  and  2n  =  65.158 
341.91       **  "         65.146 

34«.93      **  *•         65.143 

342.04      **  **         65.122 


Mean,  65. 142,  db  .0039 

In  this  case  the  Craftg-Regnault  weight  of  H  was  taken,  one  litre  ^= 
.08971J  gramme.    Corrected,  the  mean  gives  Zn  =^  65.082,  ±:  .0039. 

Two  other  scries  of  determinations  of  qaestionahle  vahie  remain  to 
be  noticed  before  leaving  the  conHideration  of  tlie  direct  II  :  Zn  ratio. 
They  represent  really  the  practice  work  of  students^  and  are  interesting 
as  an  illiiatration  of  the  closeness  with  which  such  work  can  be  done. 
The  first  series  was  made  in  the  laboratory  of  the  Jolins  Hopkins  Uni- 
versityj  under  the  direction  of  Morse  and  Keiser^t  and  contains  51  deter- 
minations, as  follows  : 


64.68 

65.74 

65.40 

65.26 

64.7a 

64.80 

65.32 

65.26 

65,20 

65.20 

64*74 

64.40 

65.60 

64.7a 

65.00 

64.60 

65.10 

64.40 

65.00 

64.76 

65.24 

65.68 

64.90 

64.60 

65.38 

64.92 

64.80 

65.06 

64.64 

65. » 4 

64.84 

65.24 

64.84 

64.88 

64.72 

64.82 

65.00 

65.20 

64.80 

65.08 

65.12 

64.40 

65.06 

66.40 

64.6a 

64-74 

64,60 

64.80 

65.12 

65,60 

Mean  of  all,  Zn  =  64.997,  di  .032S 

64.74 

t  Amer.  Chcm.  Journ..  6,  347.    iSS^ 
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[Cwtectetl  for  the  difference  between  Regnault's  value  for  H  and  the 
'hts  l>eeomes  Zn  =  fil.SOO,  ±  .0328. 

id  stQilent  scries  was  published  by  Torrey  *  who  gives  15 
.erminalioQi,  aa  follows : 

6J.36  64,96 

65.30  64.70 

64.92  65.00 

64.72  64.78 

65.04  64.44 

64.S0  65.24 

65.20  64,93 

64.90 
Me*fi^  64.952,  ±:  .0436 

Corrected  as  in  the  other  series,  this  gives  Zn  =  64.755,  ±  *0436. 
>five  corrected  meani*  for  the  ratio  H :  Zn  may  now  be  combined, 


Vui  der  p]c<t«  . . 
Rejnoldt  itntl  RAiiiiiay. 

Milld 

Morie  AOil  KeUn. 


64.980,  ±  .0137 

65.280.  4:  ,0161 

65.082,  zt  .0039 

....   64.800,  ±  .0328 
64.755.  ±  -0436 


Cencmt  me&fi , 65.079,  ±;  ,0036 

iRod  Burton,!  ifi  their  determinations  of  the  atomic  weight  of 

/rrtunietl  cpwentially  to  the  old  method  adopted  by  Erdiuann  nnd 

'n.    Their  zinc  was  obtiiined  spectroi^cnpi rally  pure  by  di.s- 

1  vacuum,  and  wns  oxidized  by  nitric  acid  which  left  abso- 

^y  no  residue  upon  evaporation.    The  conversion  to  oxide  was 

'   iij  crucible,  which  was  enclosed  in  a  larger  one,  and 

Bi!  trate  wiis  carried  out  in  a  niuflle.     In  wi^ighing,  ihe 

IjW  was  tareci  by  one  of  nearly  equal  weight.     Results  a»*folluws : 


•  .It6i6 

«OM33 
1  1161$ 
105760 
1.O4S0i 
1.02957 
LQyi8t 
M64I3 
I.078I4 

I  12754 
.91112 


m,  ZnO.  PercenL  Zn  in  ZhO, 

1*3897^  80,320 

1.2S7S2  80.30S 

l^^^'^^  80.315 

1,31681  80.316 

1.30492  80.313 

r.2Si93  80.318 

1.35944  80.315 

l.44q55  80.305 

1.34248  80.305 

t.  40400  80.306 

r,ij446  80,310 


•  Murf,  Chcm.  Jtmrn.,  ic.  74.     1*88, 
f  hmt:t  Chrm  Jourw  ,  10,  3*1,    tW*. 
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MOOII  1.3698^  S0.3II 

'.*703«  1.457^6  S0J13 

1.03148  1.38456  Sa.jio 

1.05505  >. 31565  S0.30S 

Mean,  80.3115.  drOO0S4* 

Combining  this  mean  with  the  means  found  by  the  earlier  investigators, 
we  have^ — 

Jacquelain . .   80,541,     ±:  .0070 

Erdmann .      . , . ,    , .    ,  , . ,   80.360,    d=  *0037 

Morse  and  Burton  *...*..., 80.3115,  :+:  .OO084 

General  mean. , 80.317,    ±:  .0008 


Morse  and  Burton  verified  by  experiment  the  stability  of  oxide  of  zinc 
at  tl^e  temperatures  of  ignition,  and  found  that  it  did  not  dissociate. 
They  also  proved  the  absence  of  oxides  of  nitrogen  from  the  zinc  oxide. 
The  investigations  of  Richards  and  Rogers,*  however,  have  shown  that 
zinc  oxide  prepared  by  ignition  of  the  nitrate  always  carries  ga^sieous 
occlusions,  so  that  the  atomic  weight  of  zinc  computed  from  the  data  of 
Morse  and  Burton  is  probably  too  low.  But  for  that  objection,  their  work 
would  leave  little  to  be  desired  on  the  score  of  accuracy. 

The  deterniinations  made  by  Gladstone  and  Ilihbard  f  represent  still 
another  process  for  measuring  the  atomic  weight  of  zinc,  Zuic  was  dis- 
solved in  a  voltameter,  and  the  same  current  was  used  to  precipitate 
metallic  silver  or  cojiper  in  equivalent  amount.  The  weight  of  zinc  dis- 
solved, compared  with  the  weight  of  the  other  metal  thrown  down,  gives 
the  atomic  weight  sotigbt  for.  Two  voltameters  were  used  in  the  experi- 
ments, giving  du[)licate  estimates  for  zinc  witli  reference  to  each  weigh- 
ing of  silver  or  copper.  The  silver  series  is  as  follows,  with  the  ratio 
Ag^ :  Zn  :  :  100  :  x  in  the  third  column : 

-7767 
^7758 
.5927 
.S9H 

^3277 

.2281 
^745^ 
.7475 
.«77o 
.8784 
.9341 
.9347 


^-r. 

Ji^aih. 

2.5589 

30.353 

2.5589 

30.318 

«.955» 

30,316 

1.9551 

30.300 

.7517 

30,291 

J517 

3C'.345 

2.4588 

30.307 

2,4588 

30.401 

3,9000 

30.241 

2.9000 

30.290 

3.0S09 

30.3 '9 

3.0809 

30.339 

Mean,  30.31S, 

•Proc.  Amcr.  Acud,,  1893,  aoo, 
t  Journ,  Chem.  Sog,,  55,  44 j.    1889. 


Til  lie  copper  series  I  add  the  ratio  Cu :  Zn :  :  100 :  x, 

Zm.  Oh.  J^aita, 

776J  ,7526  103,13 

.7758  753^  loj.oS 

5927  .57J7  ioi.31 

59a*  .5737  103-26 

trn  .2309  103.08 

.tiJJi  .2209  103.26 

.$770  .Ss>o  103.05 

.i7S4  .^510  103.22 

•Mfi  .9038  I<>3^i6 

9317  .9^38  roj42 
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Mean,  103,22,  dr  .0261 

^htkrdn  and  Bngerft  *  in  their  investigation  of  the*  atomic  weight  of 
1  ihe  anhydrtiU!^  hroniide,  Tliis  was  prepared  by  solution 
■.x>.iv^  in  hydrohrornic  acid,  evaporation  to  dryness,  and  subse- 
tit  (JtAlillaiion  in  an  atmosphere  of  carbon  dioxide.  In  some  experi- 
vor,  the  bromide  was  heated  in  an  atmosphere  of  nitrogen, 
..:h  }inficouH  hydrobromic  acid.  All  water  can  thus  be  removed, 
buut  formation  of  oxyhromides. 

tic  bromide  , HO  obUiincii  was  dinsolved  in  water,  and  precipitated 
^•cdution  conUiining  a  known  amount  of  ailver  in  the  form  of 
The  silver  bromide  was  weighed  on  a  Gooch  crucible,  and  the 
IW,  thus  found.     An  exceaa  of  silver  was  always  use<1, 
-  of  experiments  it  was  estimated  by  precipitation  with 
jrobfoiuic  acid.     Deducting  the  excess  thus  found  from  the  original 
,ldlver,  the  amount  of  the  latter  proportional  to  the  xioe 
found ;   hence  the  ratio  Ag, :  ZnBr^*     The  re^ults^  with 
ttum  weigbto,  are  as  follows : 

Series  A. 


^^ 

ZnBr^. 

AgSr. 

Raiw, 

■ 

1.69616 

2.82S0S 

59.976 

i.gSa^a 

3.30450 

59978 

^B 

1,709^ 

284949 

59.984 

^^H 

LS.35079 

391941 

59978 

■ 

la.66078 

4^43751 

59961 
Memn,  59.975, 

d:.0034 

i^Br, 

Ag. 

AgBr, 

A/^  /?atio. 

AgBr  /^atio. 

^mt 

3. 

24063 

3.90067 

104.382 

59-959 

*^i«j 

1. 

«j»37 

3.28742 

104.398 

59,969 

»-«4^5 

2. 

05971 

358539 

104.376 

59,961 

1.005^ 

1. 

9H76 

335074 

104411 

59.977 

Mean,  104,392,       Mean,  59,967, 

=b.oo54 

±1  .0027 

^ZtitHch.  Anor^.  Chem.,  lo.  1.    1S15. 
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At  the  end  of  the  same  paper,  Richards  alone  gives  two  mori 
determinations  made  upon  zinc  bromide  prepared  by  the  actioi 
bromine  upon  pure  electrolytic  zinc.  The  bromide  so  obtaii 
further  refined  by  sublimation  or  distillation,  and  dried  by  heal 
stream  of  carbon  dioxide  and  gaseous  hydrobromic  acid.  T 
ensured  the  absence  of  basic  salts  and  of  water.  The  weights  an 
found  in  the  two  series  were  as  follows : 

Series  C, 


ZnBr^. 

Ag. 

Ratio, 

6.23833 

5.9766 

"04.379 

5  26449 

•  50436 

104.380 

9.36283 

8.9702 

104.377 

Mean, 

104.379.  :fc.« 

Series  D. 

ZnBr^. 

AgBr. 

Ratio. 

2.65847 

4.43358 

59.962 

2.30939 

3.85149 

59.961 

5.26449 

8.77992 

59.961 

Mean,  59961,  db.< 

In  some  details  of  manipulation  these  series  diflFer  from  th< 
by  Richards  and  Rogers  jointly,  but  their  minutiae  are  not  eae 
the  present  discussion. 

Combining  these  several  series,  we  have — 

For  Ag^  :  ZnBr^  :  :  100  :  x. 

Series  B 104.392,  ±  .0054 

Series  C I04.379i  =fc  .0007 

General  mean 104.380,  d=  .0007 


For  2AgBr :  ZnBr^  :  :  100  :  x. 

Series  A 59-975,  =fc  .<»34 

Series  B 59-967,  =h  .0027 

Series  D 59961,  zt.  .0004 

General  mean 59- 962,  dr  .0004 


From  the  Ag  ratio ZnBr,  =  223.599,  dr  .0066 

From  the  Ag Br  ratio '*      =  223.601,  ±  .0066 

General  mean ZnBr,  =  223.600,  ±  .0047 

And  Zn  =    64.912,  :fc  .0133 
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For  oompating  the  atomic  weight  of  zinc  we  now  have  these  ratios : 

(I.)  Per  cent.  Zn  in  ZnO,  80.317,  dr  .0008 
(2.)  Per  cent.  ZnO  in  ZnSO^,  50.413,  dz  .0020 
(3.)  H,0  :  Zn  :  :  100  :  366.319,  ±  .088 
(4.)  2CO,  :  Zn  :  :  100  :  93.169,  :h  .012 
(5.)  H  :  Zn  :  :  I  :  65.079,  ±  .0036 
(6.)  Ag4  :  K^nCl^  :  :  loa:  66.111,  d=  .0023 
(7.)  Ag,  :  Zn  :  :  100  :  30.318,  ±  .0077 
[$.)   Cu  :  Zn  :  :  100  :  103.22,  db  .0261 
(9.)  Ag,  :  ZnBr,  :  :  100  :  104.38,  zt  .0007 
(10.)  2AgBr  :  ZnBr,  ::  100  :  59.962,  ±:  .0004 

The  antecedent  atomic  weights,  with  H  =■  1,  are — 


0  =  15.879,  ±  .0003 
Cl  =  35- 179,  ±. 0048 
Br  =  79.344,  =b  .0062 
Ag=  107.108,  ±.0031 
K  =    38.817,  ±  .0051 


C        =    11.920,  ±.0004 

S  =  31.828,  zt  .0015 
Cu  =  63.119,  d:. 001 5 
AgBr  =  186.452,  db  .0054 


With  these  data,  combining  ratios  9  and  10  into  one  (see  preceding 
paragraphs),  we  have  nine  independent  values  for  the  atomic  weight  of 
«nc,  as  follows : 

From  (i) Zn  =  64.795,  =fc  0030 


From  (2) 

From  (3)    

From  (4) 

From  (5)    

From  (6) 

From  (7)  .' 

From  (8) 

From  (9)  and  (10)  , 


=  64.909,  ±  .0073 
=  65.494,  ±  .0019 
=  65.521,  ±.0115 
=  65.079,  ±  .0036 
=  64.891,  ±.0253 
=  64.947,  dtz  .0166 
=  65.151,  db  .0166 
=  64.912,  d=.oi33 


General  mean  of  all Zn  =  65.152,  ; 

With  O  =  16 Zn  =  65.650 


.0014 


W  these  values,  Nos.  3  and  4,  representing  Favre's  work,  are  unques- 
^^nably  far  wrong.  Rejecting  them,  the  general  mean  of  the  remaining 
^^en  values  becomes — 


Zn  =  64.912,  rb  .0021. 


^^0=  16,  this  gives  Zn  =  65.407.  These  figures  are  identical,  except 
^^ards  the  lower  probable  error,  with  the  result  deduced  from  Ricli- 
*^  and  Rogers'  determinations  alone,  and  they  may  be  taken 
^^^"'factorv. 


as 
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CADMIUM. 

The  earliest  determination  of  the  atomic  weight  of  this  metal  Hi 
Stromeyer,  who  found  that  100  parts  of  cadmium  united  with  liM 
oxygen.*  With  our  value  for  the  atomic  weight  of  oxygen,  these  fi| 
make  Cd  =  110.64.    This  result  has  now  only  a  historical  interost 

The  more  modem  estimates  of  the  atomic  weight  of  cadmium  \ 
with  the  work  of  v.  Hauer.f  He  heated  pure  anhydrous  cadmian 
phate  in  a  stream  of  dry  hydrogen  sulphide,  and  weighed  the  cadn 
sulphide  thus  obtained.  His  results  were  as  follows,  with  the  pa 
age  of  CdS  in  CdSO^  therefrom  deduced  : 

7.7650  grm.  CdSO^  gave  5.3741  grm.  CdS. 

6.6086  **  4.5746 

73821  **  5.i"7  " 

6.8377  "  4.7336 

8.1956  "  5.6736 

7.6039  *•  5.2634 

7. HIS  '*  4.9431 

5.8245  •*  4.0335 

6.8462  "  4.7415 

Mean,  69.231,  d:  .0042 

LenssenJ  worked  upon  pure  cadmium  oxalate,  handling,  hoi 
only  small  quantities  of  material.  This  salt,  upon  ignition,  leav 
following  percentages  of  oxide: 

.5128  grm.  oxalate  gave  .3281  grm.  CdO.  63.982  per  cent 

.6552  "  .4193  *•  63.996      *« 

.4017  *'  .2573  *'  64.053      •' 

Mean,  64.010,  ±:  .014 

Dumas II  dissolved  pure  cadmium  in  hydrochloric  acid,  evap< 
the  solution  to  dryness,  and  fused  the  residue  in  hydrochloric  ad* 
The  cadmium  chloride  thus  obtained  was  dissolved  in  water  and  til 
with  a  solution  of  silver  after  the  usual  manner.  From  Dumas' 11 
ings  I  calculate  the  ratio  between  CdCl,  and  100  parts  of  silver: 


69.209  per  cent. 

69.222 

69.245 

69.228 

69.227 

69.220 

69.217 

69.251 

69.257 

2.369  grm. 

CdCl, 

=  2.791  grm 

I.  Ag. 

84.880 

4.540 

5.348 

<( 

84.892 

6.177 

7.260 

(t 

85.083 

2.404 

2.841 

(C 

84.618 

3.5325 

4.166 

(1 

84.794 

4.042 

4.767 

« 

Mean 

84.791 
,  84.843.  ±:  .026 

•  Sec  Bcrz.  Lchrbuch,  5th  Aufl.,  3,  1219. 
t  Journ.  far  Prakt.  Chem.,  72,  ^50.    I857. 
t  Journ.  fOr  Prakt.  Chem.,  79,  a8i.    i86o. 
I  Ann.  Chem.  Pharm.,  113, 37.    i86a 
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flier  earner  Huntington's*  work,  carried  out  in  the  laboratory 
ke,  Bronitde  of  cadmium  was  prepared  by  dissolving  the 
ihydrohroraic  acid,  and  the  product,  dried  at  20l>^,  wilh  [mri- 
^mation  in  a  porcelain  tube.  Upon  the  compound  thus  ob- 
fries  of  experiments  were  made, 

itss  the  bromide  was  dissolved  in  water,  and  a  quantity  of 
lite  Bufficient  for  complete  precipitation  of  the  bromine  waa 
in  nitric  acid  solution.     After  the  precipitate  had  settled, 

{tttant  liquid  wae  titrated  with  a  standard  solution  of  silver 
line  gmmme  to  the  litre.    The  precipitate  was  washed  by  de- 
1  by  reverse  filtration,  and  weighed.     To  the  weigh- 
ratio  between  CdBrj  and  100  partii  of  silver  bromide : 


M'SS9*  Urro,  CdBr,  ijavc  2.1529  grm,  AgBr. 

f3^74S6  **  SUH 

'M«^  *  3350 

•j.6645  ;.0590 

Pj.7679  ^.20l6  '* 

►L9«5  '  2.6552         •• 

3^71  "  4-7593 


Ralio,  7^,4^3 

•'  72,415 

"  72.4'S 

"  72.435 

*'  72.437 

••  72.410 

**  72-405 

"  7**433 


Mcftn^  72.4a  1 6f  ±,  ,0028 


series  was  like  the  first,  except  that  the  weight  of  silver 
[effect  precipitation  was  noted,  instead  of  the  weight  of  silver 
:imi*  In  the  ex}ieriment«  marked  with  an  a-sterisk,  both  the 
r  rt^quired  and  the  amount  of  silver  bromide  thrown  down 
ttined  in  one  set  of  weighings.  The  third  column  gives  the 
Drlional  to  KM)  parts  of  silver: 


*  S.7456  grill.  CdBr,=:  2.9715  Z^t^-  Ag. 


126.051 


S0270 

*• 

J.9874         '' 

126.072 

13.0645 

ii 

2^9073         *' 

126.045 

W  3-7^9 

ft 

2.9888         •» 

J  26.067 

•  1.^2^5 

'* 

1.5^8      *• 

126.QS2 

2.9»o> 

2.3079      »' 

126.093 

3.&S«o 

2.895 «      ** 

126.110 

3,9782 

3»55J      ** 

126.0S8 

Mean,  126.076^  ±  *c»52 

.11  s  nun  rnlrul;itiun>.  these  experimenta  fix  the 
iiiie*  and  cathnium  a«  Ag  :  Br  :  Cd  : :  108  :  80  . 


Hin. 


^  publi.'fherl  determinations  of  the  atomic  weight 
V  tbwte  methods,  the  weighings  being  reduced  to 


•  pTQC  Amer.  AcacL,  1S81. 

f  Ainer.  Joiirn.  Sci,  fj).  40,  377- 


1S90. 


1 
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vacuum  standards  throughout.     First,  Lenssen's  method  was  M 
viz.,  the  ignition  of  the  oxalate,  with  the  subjoined  results: 


CdQO,. 

CdO. 

Percent,  CdO. 

1.09898 

.70299 

63.966 

1. 21548 

.77746 

63.962 

I.I07II 

.70807 

63.957 

1. 17948 

.75440 

63.959 

I.I6066 

•74327 

63.959 

'.17995 

.75471 

63.964 

1.34227 

.85864 

63.968 

I.43I54 

.9'573 

63.970 

I.535IO 

.98197 

63.968 

I.4I3II 

.90397 

63.971 

Mean,  63.964,  rh  .0« 

Secondly,  v.  Hauer's  experiments  were  repeated,  cadmium  sv 
being  reduced  to  sulphide  by  heating  in  a  stream  of  H^.  The  fol 
data  were  obtained : 


CdSO,. 

CdS, 

Percent.  CdS. 

I.605I4 

I.I  1076 

69.204 

1.5583* 

1.07834 

69.197 

1. 67190 

1. 15669 

69.185 

1.66976 

'.15554 

69.200 

1.4082 I 

.97450 

69.202 

1.56290 

I. 08156 

69.205 

1.63278 

I. 12985 

69.194 

1.58270 

1.09524 

69.198 

1.53873 

I.0648I 

69.201 

1.70462 

1. 17962 

69.201 

Mean, 

,69.199,  ±.001 

V. 

Hauer  found 

,  69.231,  dr  .OON 

General  mean,  69.202,  ±z  .00] 

In  the  third  set  of  determinations  cadmium  oxalate  was  transi 
to  sulphide  by  heating  in  H,S,  giving  the  ratio  CdCjO^ :  CdS  :  :  101 


CdC^O,. 

CdS. 

Percent  CdS. 

1.57092 

'.'3065 

71.972 

'.73654 

1.24979 

7 '973 

2.19276 

1.57825 

71.974 

'.24337 

.89492 

71.974 

'.18743 

.85463 

7'.975 

'.54038 

1. 10858 

7'.968 

1.38905 

.99974 

7'.976 

2.03562 

1. 465 1 7 

71.979 

2.03781 

1.46658 

71.970 

1. 91840 

1.38075 

71.971 

Mean 

»  71.973.  ^^^ 
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(Thkirnfk  cif  Partridgif  was  iiresently  discueeed  by  Clarke*  with  ref- 
ncvtaUir  concordance  of  the  datri,  and  it  was  shtm'n  tliat  the  three 

lti(»  ileicnnined  cuuld  be  discussed  algebruically,  giving  values  for  Uie 
nic  weights  of  Cd,  S,  and  C\  when  0^16.    These  values  are — 

Cdsiti.7850 
C  =   11,9958 

utdnre  tndependcnl  of  all  antecedent  Vtilues  except  that  assumed  for 

ibitandani,  oxygen, 

M«»r«»>nrifi  J(int2S,t  starting  out  from  cadmium  purified  by  fractiomil 

in  vacuo,  adopted   two  methods  for  their  determination^, 

u  *,  u,-t  t^ffected  i\\e  syntbet^is  of  the  oxide  from  known  weights  t)f 

IW  diKitolviiij^  the  hitter  in  nitric  acid,evai>orating  to  dryness,  antl 

ttion  of  the  product.     The  oxide  thus  obtained  was  found 

,  .  .^ly  free  from  oxides  of  nitrogen.     The  weighings,  which  are 

\  below,  were  made  in  tared  crucibles.    The  third  column  gives  the 
percentage  of  Cd  in  CdO. 

CdO  Found, 
2.0328S 

1.99626 

1,79418 
3.26830 

«-5975* 
2.00775 

«'943«>5 
a,  19679 
2.19502 


Cd  Taken. 

t. 83492 
1.7468S 


1., 


Ptrunt.  Cd, 

87,50s 
87.507 
87.505 
87.50ft 

87.504 
87.508 

87.505 
87.50S 

87-508 


Mean,  87,50^^,  ±z  *ooo32 


Thi>»ficon*l  tnethod  employed  by  Morse  ftnd  Jones  was  that  of  I^enssen 
with  CKhiiitiin  oxalate.  This  salt  they  find  to  he  soujcwhat  hygroscopic, 
•  profrnv  >  -->^*  which  the  operator  mut^t  be  on  his  gtiard.     The  data 


«r,o, 

CdO. 

Perceui,  CdiX 

**53937 

.98526 

64.004 

t.n4^3 

1.1358^ 

63996 

1.70211 

1.0894*) 

64.00^ 

t.702iS 

1.08967 

64.Q04 

••I'm? 

1.1 1651 

64,ooj 

Mean,  64.003,  ±^  .0042 

i^r  iind   Smith,  like  Motive  antl  Jones,  detcnnincfl  the  atomic 
I    ajimium  by  means  of  the  oxide,  but  by  anaU^is  instead  nf 

•  Am.  Cbrsi.  Jouriu,  rj,  34,    rSjt- 
t  Am,  Cliein.  jcniniM  I4f  ^i*    i^. 
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synthesis*  Weighed  quantities  of  oxide  were  disgolved  in  potaaaiuin 
cyanide  Holution,  from  which  nietallic  cadmium  was  thrown  down  elec- 
trolvtically*     The  weights  are  reduced  to  vacuum  standards. 

CdO  Taken.  Cd  Found.                   Per  cm L  Cd. 

.14767  .30418  87,491 

.41538  *36i52  S7.5»5 

t. 04698  .91618  ^7-507 

1,04066  .9)500  87.493 

t.  26447  1. 10649  ^7«5o6 

^78493  .68675  87^492 

,86707  .75884  87.518 

.67175  .58785  87.510 

1,44302  l.2t>J29  87.508 

Mciin,  87.5044,  ±:  .0023 

Mr.  Bucher's  dissertation*  upon  the  atomic  weight  of  cadmium  does 
not  claim  to  give  any  final  measureiiienti^,  l)ut  rather  to  discuss  the  vari- 
ous methods  by  which  that  constant  has  been  determined.  Neverthe- 
less, it  gives  many  data  which  seera  to  have  positive  value,  and  w^hich 
are  certainly  fit  for  diecui^sion  along  with  those  which  have  preceded 
this  paragraph.  Bucher  begins  with  cadmium  purified  by  distillation 
nine  times  in  vacuo,  and  from  this  hia  various  compounds  were  prepared. 
His  first  series  of  determinations  was  made  hy  reducing  cadmium  oxalate 
to  oxide,  the  oxalate  having  been  dried  fifty  hours  at  150^.  The  reduc- 
tion was  effected  by  heating  in  jacketed  porcelain  crucibles,  with  various 
precautions,  and  the  results  obtiiined,  reduced  to  vacuum  standards,  are 
as  follow^s  : 

Oxalate.  Oxide.  Percent.  Oxide. 

1.97674  1.26414  ^        63.951 

1. 949  J  2  1.24682  63,968 

1.96786  1.25886  63. 97 J 

1.87099  I. 19675  63,958 

1^37550  .87994  63,972 

^mn  .85308  63.991 

194450  ".24452  64.002 

2.01846  1.292 10  64.014 

Mean,  63,978,  h^  ,0052 

Combining  this  with  the  means  found  by  previous  experimenters,  we 
have  for  the  percentage  of  oxide  in  oxalate — 

Lenssen 64,010,  i  ,0140 

Partridge ,    . .  63.962,  ±:  .oojo 

Morstc  and  Jones,. .  64.005,  ±:  .0042 

Bucher ,  . 63,978,  zt  .0052 

Uencral  mean.  ...,,*,   % 63.966,  ±1  .0010 

•  **  An  cxaraJ  tuition  ofsome  methodfi  employed  in  detemiittitts  the  ntomic  weight  of  cadmium.'* 
JohtisUopkiiiM  Univenilj  docionit  dis»ertatiofi.    By  John  E.  Bueher.     Baltimore^  1695. 
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Bucher's  next  series  of  determinations  was  by  Partridge's  method — 

e  conversion  of  cadmium  oxalate  into  cadmium  sulphide  by  heating 

a  stream  of  sulphuretted  hydrogen.     The  sulphide  was  finally  cooled 

a  current  of  dry  nitrogen.    The  vacuum  weights  and  ratios  are  sub- 

ined: 

Oxalate,  Sulphide.  Percentage, 

2.56319  I. 84716  72.065 

2.18364  I. 57341  72.055 

2. 1 1643  1.52462  72.037 

3.13105  2.25582  72.047 

Mean,  72.051,  ±,  .0127 
Partridge  found,  71.973,  ±  .0007 

General  mean,  71.974,  ±l  .0007 

Here  Bucher's  mean  practically  vanishes. 

The  third  method  employed  by  Bucher  was  that  of  weighing  cadmium 
loride,  dissolving  in  water,  precipitating  with  silver  nitrate,  and  weigh- 
g  the  silver  chloride  found.  The  cadmium  chloride  was  prepared, 
Jtly  by  solution  of  cadmium  in  hydrochloric  acid,  evaporation  to 
7De8S,and  sublimation  in  vacuo;  and  partly  by  the  direct  union  of 
e  metal  with  chlorine.  The  silver  chloride  was  weighed  in  a  Gooch 
acible,  with  platinum  sponge  in  place  of  the  asbestos.  To  the  vacuum 
eights  I  append  the  ratio  2  AgCl :  CdCl, :  :  100  ;  x. 


CdCL,. 

AgCL 

Ratio, 

309183 

4.83856 

63.900 

2.26100 

3.53854 

63.896 

'.35729 

2.12431 

63.893 

2.05582 

3.21727 

63.899 

1.89774 

2.97041 

63.886 

350367 

5.48473 

63.880 

2.70292 

4.23087 

63.886 

4.24276 

6.63598 

63.936 

3.40200 

5-323'4 

63.910 

4.60659 

7.20386 

63.946 

2.40832 

3.76715 

63.930 

2.19144 

3.42724 

63.942 

2.84628 

4.45477 

63893 

2.56748 

4.01651 

63923 

2.31003 

3.61370 

63.924 

1.25008 

1.95652 

63.893 

1.96015 

3.06541 

63944 

?.29787 

3-59391 

63.938 

1.94227 

3.0381 1 

63.9»5 

1. 10976 

".73547 

63.946 

1.63080 

2.55016 

63.949 

Mean,  63.916,  ih  .0032 

"'"^^f  gives  a  rather  full  discussion  of  the  presumable  errors  in  this 
'***^  'fhich,  however,  he  regards  as  somewhat  compensatory.     The 

n 
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series  is  followed  by  a 
having  been  sublimed 

similar 
in  vacuo. 

one  with  cadmium  bromide,  the  laM 
Results  as  follows : 

CdBr^, 

AgBr, 

Ratio, 

439941 
3.18030 

3.60336 
4.04240 
3.60505 

6.07204 
4.38831 
4.97150 
5.58062 

4.97519 

72.454 
72.472 
72.480 

72.453 
72.461 

Mean, 
Huntington  found, 

,72.464.    dt.0035 

,  72.4216,  ±i  .002* 

General  mean,  72.438,    dt  .0022 

In  order  to  fix  a  minimum  value  for  the  atomic  weight  of  cadmiai 
Bucher  effected  the  synthesis  of  the  sulphate  from  the  metal.  1.1571 
grammes  of  cadmium  gave  2.14776  of  sulphate. 

Hence  Cd  =  111.511. 

The  sulphate  produced  was  dried  at  400°,  and  afterwards  examin 
for  free  sulphuric  acid,  giving  a  correction  which  was  applied  to  tl 
weighings.  The  corrected  weight  is  given  above.  Any  impurity  inli 
sulphate  would  tend  to  lower  the  apparent  atomic  weight  of  cadmio 
and  therefore  the  result  is  believed  by  the  author  to  be  a  minimum. 

Finally,  Bucher  examined  the  oxide  method  followed  by  Morse  a 
Jones.  The  syntheses  of  oxide  were  effected  in  double  crucibles,  fi 
with  both  crucibles  porcelain,  and  afterwards  with  the  small  inner  era 
ble  of  platinum.  Two  experiments  were  made  by  the  first  method,  thi 
by  the  last.     Weights  and  percentages  (Cd  in  CdO)  as  follows : 

Cd.  CdO,  Percentage. 

{1. 26142  1.44V44  87.511 

.99785  I. 14035  87.504 


Mean,  87.508 

I.II32I 

1.27247 

87.484 

1. 024 1 2 

I.I  7054 

87.491 

2.80966 

3.2II52 

87.487 
Mean,  87.487 

Mean  of  all 

as  one  series,  87.495f 

.0035 

The  two  means  given  above,  representing  work  done  with  porceL 
and  with  platinum  crucibles,  correspond  to  a  difference  of  about  0.2 
the  atomic  weight  of  cadmium.  Experiments  were  made  with  p 
oxide  of  cadmium  by  converting  it  into  nitrate  and  then  back  to  oxii 
exactly  as  in  the  foregoing  syntheses.  In  each  case  the  oxide  obtaii 
at  the  end  of  the  operation  represented  an  increase  in  weight,  but 
increase  was  greater  in  platinum  than  in  porcelain.  Hent^e  the  we^ 
ings  of  cadmium  oxide  in  the  foregoing  determinations  probftblri 
subject  to  constant  errors,  and  cannot  be  truAted  to  fix  the  atomiof 
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idmium.  Their  mean,  taken  in  one  series,  has  really  no  significance ; 
as  the  computations  in  this  work  involve  a  study  of  compensation 
rrore,  the  data  may  be  combined  with  their  predecessors,  as  follows : 

Mone  and  Jones 87.5066,  zb  .00032 

Lorimer  and  Smith 87.5044,  d=  .0023 

Bucher. 87.495,    zb  .0035 

General  mean 87.5064,  d:  .0003 

his  is  equivalent  to  the  absolute  rejection  of  Bucher's  data,  and  is 
efore  not  wholly  fair  to  them.  His  work  throws  doubt  upon  the 
dityof  the  ratio,  as  determined,  altogether. 

be  latest  determinations  relative  to  the  atomic  weight  of  cadmium 
those  of  Hardin,*  who  effected  the  electrolysis  of  the  chloride  and 
nide,  and  also  made  a  direct  comparison  between  cadmium  and 
iT.  The  aqueous  solutions  of  the  salts,  mixed  with  potassium 
nide,  were  electrolyzed  in  platinum  dishes.  The  cadmium  which 
edaa  the  starting  point  for  the  investigation  was  purified  by  distil- 
on  in  hydrogen.  All  weights  are  reduced  to  a  vacuum.  The  data 
the  chloride  series  are  as  follows,  with  a  column  added  for  the  per- 
lUgeofCdinCdCl,: 

Weight  CdCl^,       .  Weighted.  Percentage  Cd. 

.43140  .26422  61.247 

.49165  .30112  61.247 

.71752  .43942  61.241 

.72188  .44208  61.241 

.77264  .473»9  61.245 

.81224  .49742  61.240 

.90022  •55^35  61.246 

1.02072  .62505  61.236 

1.26322  .77365  61.244 

1.52344  .933»4  61.252 

Mean,  61. 244,  rb  .0010. 

The  results  for  the  bromide,  similarly  stated,  are  these : 

Weight  CdBr^.  Weight  Cd.  Percentage  Cd, 

.57745  .23790  41  198 

.76412  .3>4«4  41.203 

.91835  .37842  41.207 

1.01460  .41808  41.206 

1. 15074  .47414  4».203 

1.24751  .51392  4M96 

1.25951  .51905  41.210 

1. 51805  .62556  41.208 

".63543  .67378  41.199 

2.15342  .88722  4».200 

Mean,  41.203,  di  ooio. 

•  Joarn.  Amcr.  Chem.  Soc.,  iS,  1016.    1896. 
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The  direct  comparison  of  cadmiam  and  silver  was  eflectod 
simnltaneoos  electrolysis,  in  the  same  current,  of  double  cjanU 
tions.  Silver  was  thrown  down  in  one  platinum  dish,  and  cadn 
another.  The  process  was  not  altogether  satisfactory,  and  gaff 
gent  results,  those  which  are  cited  below  having  been  selected  I 
dip  from  the  ma^  of  data  obtained.  I  have  added  in  a  third  < 
the  cadmium  proportional  to  100  parts  of  silver : 

»Vi^A/  Cd.  IVeight  Ag,  Ratio. 

.12624  .24335  51-876 

.11032  .21262  51.886 

.12720  .24515  51.887 

.12616  .2433«  5>-*52 

.22058  .42520  51-877 

Mean,  51.876,  ±  .00 

For  cadmium  we  now  have  the  following  ratios : 

(I.)  Per  cent,  of  Cd  in  CdO,  87.5064,  zb  .0003 
(2.)  Per  cent  of  CdO  in  CdCjO^,  63.966,  d=  .0010 
(3.)  Per  ccnL  of  CdS  from  CdCjO^,  71.974,  ±l  .0007 
(4.)  Per  cent,  of  CdS  from  CdSO^,  69.202,  d:  .OOI2 
(5.)  Ag,  :  CdO,  :  :  100  :  84.843,  db  .0260 
(6.)  2AgCl  :  CdCl,  :  :  100  :  63.916,  ±.  .0032 
(7.)  Ag,  :  CdBr,  :  :  lOO  :  126.076,  rfc  .0052 
(8.)  2AgBr  :  CdBr,  :  :  100  :  72.438,  db  .0022 
(9.)  Per  cent,  of  Cd  in  CdG„  61.244,  d=  .0010 

(10.)  Per  cent  of  Cd  in  CdBr„  41.203,  d=  .0010 

(II.)  2Ag  :  Cd  :  :  lOO  :  5 1. 876,  dh  .004I 

Bucher's  single  experiment  upon  the  synthesis  of  the  sulphate,  a] 
important  and  interesting,  cannot  carry  weight  enough  to  war 
consideration  in  connection  with  the  other  ratios,  and  is  there 
included. 

The  antecedent  values,  for  use  in  computation  are — 

O   ==   I5.879»  ±.0003  s       =  31.828,  rh. 001 5 

Ag=  107.108,  db  .0031  C  =  11.920,  db  .0004 
CI  =  35-«79,  ±  .0048  AgCl  =  142.287,  It  .0037 
Br  =  79-344»  :+=  .0062         AgBr  =  186.452,  ±:  .0054 

For  the  molecular  weight  of  cadmium  chloride,  two  values  1 
deducible : 

From  (5) CdC),  =  181.739,  d=  .0560 

From  (6) «*      =^  181.888,  rh  .0103 

General  mean CdCI,  =  181.883,  dt  .0138 

Hence  Cd  =  111.525,  ±  .0138. 
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For  cadmium  bromide  we  have — 

From  (7) CdBr,  =  270.073,  dr  .0136 

From  (8) "      =270.124,^.0113 

General  mean CdBr,  =  270.105,  ±1 .0087 

Hence  Cd«  111.417,  ±.0151. 

For  cadmium  there  are  nine  independent  values,  as  follows  : 

From  (3) Cd  =  110.793,  ±.0081 

FroA  (4) '*  =  110.890,  db  .0069 

From  (2) **=  III. 004,  ±.0047 

From(ii) "  =  I II.  127,  db. 0095 

From  (9) *'  =  III. 183,  ±.0155 

From  (10) "  =  1 1 1.202,  ±  .0093 

From  (i) *'=  II  1.227,  ±  .0034 

From  molecular  weight  CdBr, **  =111.417,^1.0151 

From  molecular  weight  CdC), '*  =  1 1 1. 525,  ±  .0138 

General  mean Cd  =  1 1 1. 100,  db  .0022 

If  0=  16,  Cd=.  111.947. 

This  reault  is  obviously  uncertain.  The  data  are  far  from  being  con- 
dofflTe,  however,  and  I  am  therefore  inclined  to  trust  the  mean  rather 
thin  any  one  of  the  values  taken  separately.  It  is  quite  possible  that 
the  highest  of  all  the  figures  may  be  nearest  the  truth,  as  Bucher's  ex- 
periraenteseem  to  indicate ;  but  until  new  evidence  is  obtained  it  would 
hardly  be  wise  to  make  any  selection.  The  mean  obtained  agrees  well 
with  the  data  of  Morse  and  Jones,  Lorinier  and  Smith,  and  Hardin. 
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MERCURY. 


In  dealint^  with  the  atomic  weight  of  mercury  we  may  reject  the  early 
determinations  by  Sefstrorn  "^  and  ii  large  part  of  the  work  done  by  Tur- 
ner.f  The  latter  chemist,  in  addition  to  the  data  which  will  be  cited 
below*  gives  fignres  to  represent  the  percentaore  composition  of  both  the 
chlorideB  of  mercury ;  hut  these  rertuUs  are  neither  relialde  nor  in  proper 
shape  to  be  Ui^ed* 

Fii'st  in  order  we  may  con^itlcr  the  jvercentage  conii>osition  of  mercuric 
oxide,  as  estabh.shed  by  Turner  and  liy  Erdmann  and  Marcliaiid.  In 
both  investigationa  the  oxide  was  decomposed  by  heat,  and  the  mercury 
was  accurately  weighed,  CoKl  leaf  served  to  collect  the  la^t  traces  of 
mercurial  vapor. 

Turner  gives  lour  estimations.  Two  represent  oxide  obtained  by  the 
ignition  of  the  nitrate,  and  two  are  from  commercial  oxide.  In  the  first 
two  tljc  oxide  still  containeil  traces  of  nitrate,  but  hardly  in  weighable 
proportions.  A  comparison  of  the  figures  from  this  source  with  the  others 
is  s«udiciently  conclusive  on  this  point.  The  third  column  represents  the 
percentage  of  mercury  in  HgO  : 


144  S05  grains  Hg  ^  11,54  grinm  O. 
125,980  **  10.08      ** 

173.561  "  13.83      *• 

114,394  '*  9.101       ** 


92,619  per  cent. 

92.592  '- 
92.625  ** 
92.6:0      *' 


Mean,  92.614,  dr  .0050 


In  the  experiuientd  of  Erdmann  and  Marchand  J  every  precaution  was 
taken  to  ensure  accuracy.  Their  weighings,  reduced  to  a  vacuum  stand- 
ard»  give  the  subjoined  percentages  : 

82,0079  grm,  HgO  gave  75.9347  E"*™-  Hg-     92,594  pcr  cent. 


51.0320 

84.4996 
44.62S3 
1 1 S. 4066 


47.253S  **  92.597  ** 

78.2501  '•  92,604  *' 

41.3285  *♦  92,606  " 

109,640s  "  92.597  *' 

Mean,  92.5996,  d=  .cx)i5 


Hardin's  determination  of  the  same  ratio*  being  different  in  character, 
will  be  cons*idercd  later. 

With  a  view  to  e8tal>liBhing  the  atomic  weight  of  sulphur,  Erdmann 
and  Marchand  also  made  a  series  of  analyses  of  pure  mercuric  sulphide. 
These  data  are  now  best  available  for  discussion  under  mercury.    The 


•8efstr<Mn,    Bcr«.  tehrb,,  5th  ed.,  3,  1215. 

t  Phil.  Trans.,  1853,  53»-535. 

:  Journ.  iTir  Prnkt.  Chcm.,  31*  395-     «844» 


Work  done  In  tSii. 


86 

215  per 

cent.  Hj 

86.206 

(C 

86. 

207 

t( 

86. 

223 

(t 
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sulphide  was  mixed  with  pure  copper  and  ignited,  mercury  distilling 
over  and  cop|>er  sulphide  remaining  behind.  Gold  leaf  was  used  to 
retain  traces  of  mercurial  vapor,  and  the  weighings  were  reduced  to 
vacuum: 

54.3568  gnn.  HgS  gave  29.6207    gnn.  Hg. 
24.8278  "  21.40295         *' 

37  2177  '*  32.08416         '* 

80.7641  •*  69.6372 

Mean,  86.2127,  dt  .0027 

For  the  percentage  of  mercury  in  mercuric  chloride  we  have  data  by 
Turner,  Millon,  Svanberg,  and  Hardin.  Turner,*  in  addition  to  some 
precipitations  of  mercuric  chloride  by  silver  nitrate,  gives  two  experi- 
ments in  which  the  compound  was  decomposed  by  pure  stannous 
chloride,  and  the  mercury  thus  set  free  was  collected  and  weighed.  The 
renilta  were  as  follows  : 

44.782  grains  Hg  =  15.90  grains  CI.  73.798  per  cent. 

73.09  "  25.97         '*  73.784       " 

Mean,  7379',  ±  005 

Millon  t  purified  mercuric  chloride  by  solution  in  ether  and  sublima- 
tion, and  then  subjected  it  to  distillation  with  lime.  The  mercury  was 
collected  as  in  Erdmann  and  Marchand's  experiments.  Percentages  of 
metal  as  follows : 

7387 
73-81 
73.83 
73.87 


Mean,  73.845,  ±:  .010 

!^vani)erg,  J  following  the  general  method  of  Erdmann  and  Marchand, 
^^k  three  distillations  of  mercuric  chloride  with  lime,  and  got  the 
f*wing  results : 

12.048  gnn.  HgCl,  gave  8.889    grm.  Hg.  73.780  per  cent. 

12.529  "  9.2456         "  73.794       " 

12.6491  '*  93363         "  73810       " 


Mean,  73.795,  dr  .006 


The  most  recent  determinations  of  the  atomic  weight  of  mercury  are 
"Oe  to  Hardin,§  whose  methods  were  entirely  electrolytic.  First,  pure 
Mercuric  oxide  was  dissolved  in  dilute,  aqueous  potassium  cyanide,  and 


•Phil.  Trans.,  1833,  531-535- 
t  Ann.  Chim.  Phys.  (3),  18,  345.     1846. 
;  Joarn.  fOr  Prakt.  Chcm.,  45.  472.    1848. 
2  Journ.  Amcr.  Chera.  Soc.,  18,  1003.    1896. 
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electrolyzed  in  a  platinum  dish.  Six  determinations  are  publishej 
of  a  larger  number,  but  without  reduction  of  the  weights  to  a  vac 
The  data,  with  a  percentage  column  added,  are  as  follows: 


Weight  HgO. 

Weight  Hg, 

Percent.  Hg. 

.26223 

.24281 

92.594 

.23830 

.22065 

92.593 

.232CX) 

.21482 

92.595 

.14148 

.13100 

92.593 

.29799 

.27592 

92.594 

.19631 

.18177 

92.593 
Mean,  92.594,  dr  t 

0003 

Various  sources  of  error  were  detected  in  these  experiments,  ai 
series  is  therefore  rejected  by  Hardin.  It  combines  with  previous 
as  follows : 

Turner 92.614,    d-  .0050 

Erdmann  and  Marchand 92.5996,  it  .0015 

Hardin 92.594,    ±.  .0003 

General  mean 92.595,    db  .0003 

Hardin  also  studied  mercuric  chloride,  bromide,  and  cyanide,  ai 
direct  ratio  between  mercury  and  silver,  with  reduction  of  weight 
vacuum.  Electrolysis  was  conducted  in  a  platinum  dish,  as  i 
With  the  chloride  and  bromide,  the  solutions  were  mixed  with  \ 
potassium  cyanide.  The  data  for  the  chloride  are  as  follows,  th< 
centage  column  being  added  by  myself: 

Weight  HgCl^.  Weight  Hg.  Per  cent.  Hg, 

.45932  .33912  73.831 

.54735  .40415  73838 

.56002  .41348  73.833 

.63586  .46941  73.823 

.64365  .47521  73.831 

.73281  .54101  73.827 

.86467  .63840  73.832 

1.06776  .78825  73.823 

1.07945  .79685  73.820 

1.51402  I.I  1780  73.830 

Mean,  73.829,  db  .OOU 

Combining  this  with  the  earlier  determinations,  we  have — 

Turner 73.791,  ±  -0050 

Millon '. 73.845,  :fc  .Oioo 

Svanberg 73.795.  ±^  .0060 

Hardin 73.829,  db  .0012 

General  mean 73.826,  dt  .ooi  I 
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For  the  bromide  Hardin's  data  are — 

lyeighi  HgBr^,  Weight  Hg.  Per  cent,  Hg, 

.70002  .38892  55.558 

•56430  .31350  55.555 

•57142  .31750  55-563 

.77285  .42932  55550 

•80930  .44955  55548 

.85342  .47416  55.560 

1.11076  .61708  55.555 

I '7270  .65145  55.551 

1.26186  .70107  55-559 

1.40142  .77870  55565 

.0012 


Mean,  55.556,  db 

And  for  the  cyanide — 

* 

Weitki  HgC^N^. 

Weight  Hg, 

Per  cent,  Hg. 

.55776 

.44252 

79.337 

.63290 

.50215 

79.341 

.70652 

.56053 

79.337 

.80241 

.63663 

79.340 

.65706 

.52130 

79.338 

.81678 

.64805 

79342 

1.07628 

.85392 

79.340 

1.22615 

.97282 

79.339 

1.66225 

1. 31880 

79338 

2.11170 

1.67541 

79.339 

Mean,  79.339,  dr  .0004 

in  the  last  series  cited  no  potassium  cyanide  was  used,  but  the  solution 
>i  mercuric  cyanide,  with  the  addition  of  one  drop  of  sulphuric  acid, 
»M  electrolysed  directly. 

Inedirect  ratio  between  silver  and  mercury  was  determined  by  throw- 
^  down  the  two  metals,  simultaneously,  in  the  same  electric  current. 
Both  metals  were  taken  in  double  cyanide  solution.  With  Hardin's 
^^'iivalent  weights  I  give  a  third  column,  showing  the  quantity  of  mer- 
^'T corresponding  to  100  parts  of  silver.  Many  experiments  were  re- 
^"«d»  and  only  the  following  seven  are  published  by  the  author: 


height  Hg, 

Weight  Ag, 

Ratio. 

.06126 

.06610 

92.678 

.06190 

.06680 

92.665 

.07814 

.08432 

92.671 

.10361 

.11181 

92.666 

.15201 

.16402 

92.678 

.26806 

.28940 

92.626 

.82808 

.89388 

92.639 

Mean,  92.660,  rb  .0051 
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We  now  have  six  ratios  involving  the  atomic  weight  of  man 
follows : 

(i.)  Per  cent,  of  Hg  in  HgO,  92.595,  db  .ocx>3 

(2.)  Per  cent,  of  Hg  in  HgS,  86.2127,  dtz  .0027 

"  (3.)  Per  cent,  of  Hg  in  HgCI,,  73.826,  dt  .0011 

(4.)  Per  cent,  of  Hg  in  HgBr,,  55.556,  db.0012 

(5.)  Per  cent,  of  Hg  in  HgC,N„  79-339.  ±  -0004 

(6.)  2Ag  :  Hg  :  :  icx)  :  92.660,  dt  .0051 

The  calculations  involve  the  following  values : 

O  =  15.879,  db  .0003  Br  =  79.344,  ±  .0062 

Ag=  107.108,  d:  .0031  S  =31.828,  db  .0015 

CI  =  35-»79»  ±0048  C  =11.920,^.0004 

N  =  I3.935»  :t  -0021 

Hence  the  values  for  mercury  are — 

From  (i) Hg  =  198.557,  db  .0084 

From  (2) "    ==  199.027,  db  .0406 

From  (3) **    =  198.482,  ±  .0285 

From  (4)   . .    •*    =  198.364,  zt.  .0170 

From  (5) •«    =  198.568,  ±  .0170 

From  (6) **    =  198.493,  db  .0124 

General  mean Hg  =  198.532,  db  -0059 

If  0  =  16,  Hg  =  200.045. 

But  according  to  Hardin  the  value  derived  from  the  analyses 
curie  oxide  is  untrustworthy.  Rejecting  this,  and  also  the  abf 
high  result  from  the  sulphide  series,  the  general  mean  of  th« 
maining  values  is — 

Hg=  198.491,^1 .0083, 

or,  with  0  =  16.  Hg  =  200.004.    These  figures  seem  to  be  the 
the  atomic  weight  of  mercury. 
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BORON, 

h  ihi«  former  edition  of  this  work  the  data  relative  to  boron  were  few 
int.  There  was  a  little  work  on  record  liy  Berzeliiis  and 
fL...,  .,..  .**iii  this  was  eked  out  by  a  discuaaion  of  Deville'a  analysea 
tofbomn  fbbride  and  bromide,  As  the  latter  were  not  intended  for 
rrninations  they  will  be  omitted  from  l>he  pr«8ent  re- 
iacludea  the  later  msenrclioa  of  Hoskyos-Abniluill, 
I  lUttuty  and  A^ton,  and  Rim  bach. 

Berjdius*  ba^ed  his  determiuatii)U  upon  tliree   concordant  e=?tnoft- 

llictnn  of  the  perctjntagii  of  waier  io  borax.     Laurent  t  n*ade  use  of  two 

Bmikr  eniiTriationii,  and  all  five  may  be  properly  i>ut  in  one  series,  thus : 

47*  to] 

47.»oJ 

47«20  J 

Me«n,  47.13,  ±'^^3 

la  IS92  Uie  ponthumous  notes  of  the  lato  IIoskyns-Abrahall  were 
Jrfittd  ami  published  by  Ewan  and  Hartog.J    This  chemist  e8i>eiVially 
i<>  lietween  lMiror»  bromitb*  and  !*ilver,  and  also  redeter- 
cntage  of  water  in  crvi^tnllized  borax.     The  latter  work, 
Jirhichtiu  purely  preliminary,  althmigh  carried  out  with  great  care,  gave 
;  results,  rcductHl  to  vacuum  standards : 


^B^OrioMtO. 

m,B,o,, 

yVr  ctnL  //,0, 

7.00667 

3-695S7 

47  2069 

ia.9593^ 

6.82560 

473308 

4*65$!  a 

2.45248 

47.35<H 

4^47«>^ 

3-93956 

47.^763 

4.945<H 

2.60759 

47^2686 

Mean,  47.2866,  ^ 

''  ridantions  were  made  with  the  bromide,  which  waa 

rf^^'^   I  'in  and  liromine  directly,  freed  fixnn  excels  of  the 

lAttdiiy  standing  over  mercury^  and  finally  collected,  after  lUHtillation, 
littrn'-i  '     '     »     -bulbs.     It  Wiis  titrated  with  a  solution  of  .silver 

1^^  LUtiona.    The  tirat  faeries  of  experiments  was  as 

jWl«w>,  With  BBr,  proportional  to  Kh>  parts  of  silver  stilted  as  the  ratio  : 

♦IV*CTr«Tld   Annfilc^n,  B^  t.     iSj6, 

f  Joura.  far  Praki.  Chem.,  47,  415*    1849. 

J  Journ.  Chem.  Soc.,  6t,  6^    August^  169a. 


172 


THE   ATOMIC   WEIGHTS. 


BBr^.                              Ag,  Ratio. 

1.3 1203  1.69406  77-449 

4.39944  567829  77-478 

5.04022  6.50S20  77.444 

6.51597  8.389*9  77.433 

7.75343  10.01235  77.439 

Mean,  77.449,  ±  •a>53 

This  series  of  data  is  regarded  by  the  editors  as  preliminary,  and  not 
entitled  to  much  consideration.  The  second  series,  which  follows,  was 
the  final  one ;  both  represent  vacuum  standards : 

BBi^^,  Ag,  Ratio. 

4.467835  5-771268  77.415 

8.423 15 1  10.880648  77.414 

1.655111  2.137593  77.429 

8.032352  10.374201  77.426 

4.092743  5285949  77.427 

2.389993  3.086842  77.425 

7.721944  9.974054  77.420 

Mean,  77.422,  ±  .0018 
First  scries,  77.449,  ±  .0053 

General  mean,  77.425,  dr  .0017 

Ramsay  and  Aston,*  in  their  paper  upon  the  atomic  weight  of  boron, 
suggest  that  Abrahall's  bromide  may  have  contained  hydrobromic  acid, 
which  would  fully  account  for  the  low  result  obtained.  They  them- 
selves adopt  two  distinct  methods,  the  first  one  being  the  time-honored 
determination  of  water  in  crystallized  borax.  The  latter  was  prepared 
from  pure  boric  acid  and  pure  sodium  hydroxide.  Results  as  follows, 
reduced  to  a  vacuum  : 

Na^Bfi^.ioH,fi.  Na^Bfi^,                  Per  cent,  H^O. 

10.3581602  54784357  47-»099 

5.3440080  2.8246677  47.1433 

4.9962580  2.6378934  47.2026 

5.7000256  3.0101127  47.1912 

5.3142725  2.8065646  47.1882 

4.9971924  2.6392016  47.1865 

5.2366921  2.7674672  47.1524 

Mean,  47.1677,  rb  .0086. 

This  we  may  combine  with  the  previous  determinations,  thus : 

Herzelius  with  Laurent 47-13,      rh  .0130 

Hoskyns-Abrahall 47.2866,  dr  .0171 

Ramsay  and  Aston 47. 1677,  rb  .0086 

General  mean 47-  »756,  dr  .0066 

•  Journ.  Chem.  Soc.  63,  211.    1893. 
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The  second  method  adopted  by  Ramsay  and  Aston  was  to  distill  anhy- 
drous borax  with  hydrochloric  acid  and  methyl  alcohol,  both  scrupu- 
lously pure,  thereby  converting  it  into  sodium  chloride.  The  operation 
was  conducted  in  a  glass  flask,  and  in  the  first  series  of  determinations 
ordinary  soft  glass  was  used.  This,  however,  was  somewhat  attacked, 
80 that  the  sodium  chloride  contained  silica;  hence  oxygen  in  the  ma- 
terial of  the  flask  had  been  replaced  by  chlorine,  thereby  increasing  its 
weight,  and  lowering  the  apparent  atomic  weight  of  boron.  In  a  second 
series  flasks  of  hard  combustion  tubing  were  taken,  and  the  error,  though 
not  absolutely  avoided,  was  reduced  to  a  very  small  amount.  Both  series 
are  subjoined,  together  with  the  percentage  of  chloride  formed ;  but  the 
weights,  given  by  the  authors  to  seven  decimal  places,  are  only  quoted 
to  the  nearest  tenth  milligramme.  They  are  reduced  to  vacuum  stand- 
ards. 


First  Series, 

Na,B,0,. 

NaCl. 

Per  cent,  NaCL 

4.76«4 

2.7598 

57.877 

5.2740 

3.0578 

57.978 

3.2344 

1.8727 

57.899 

4.0862 

2.37'3 

58.032 

3.4970 

2.0266 

57.953 

Mean 

57.948,  d=  .0187 

Second  Series. 

Na,B,0,. 

NaCl. 

Per  cent,  NaCl. 

5.31 18 

3.0761 

57.911 

4.7806 

2.7700 

57.943 

4.9907 

2.8930 

57.968 

4.7231 

2.7360 

57.928 

3.3138 

1.9187 

Mean 

57.900 

,  57.930,  ±:  .0081 

First  series 

,  57.948.  d=  .0187 

General  mean  of  both,  57.933,  ±:  .0074 


-^  a  check  upon  the  last  series  of  results,  the  sodium  chloride  was 
aissolved  in  water,  and  precipitated  with  silver  nitrate.  The  silver 
chloride  was  collected  and  weighed  in  a  Gooch  crucible,  and  ita  weight 
P^«  a  new  ratio  with  anhydrous  borax.  The  cross  ratio  between  the 
wo  chlorides,  silver  and  sodium,  has  already  been  used  in  the  discussion 
^pon  sodium.  The  new  ratio  I  give  in  terms  of  Na^B^O,  equivalent  to 
^WpwtsofAgCl. 


174  THE   ATOMIC   WEIGHTS. 


Na^B.O,. 

AgCL 

katio. 

5.3118 

7.5259 

70.580 

4.7806 

6.7794 

70.517 

4.9907 

7.0801 

70.489 

4.7231 

6.6960 

70.536 

3.3138 

4.6931 

70.610 

Mean,  70.546,  d=  .0146 

Rimbach  *  based  his  determination  of  the  atomic  weight  of  boron  upon 
the  fact  that  boric  acid  is  neutral  to  methyl  orange,  and  that  therefore 
it  is  possible  to  titrate  a  solution  of  borax  directly  with  hydrochloric 
acid.  His  borax  was  prepared  from  carefully  purified  boric  acid  and 
sodium  carbonate,  and  his  hydrochloric  acid  was  standardized  by  a  series 
of  precipitations  and  weighings  as  silver  chloride.  It  contained  1.84983 
per  cent,  of  actual  HCl.  The  borax,  dissolved  in  water,  was  titrated  by 
means  of  a  weight-burette.  I  give  the  weights  found  in  the  first  and 
second  columns  of  the  following  table,  and  in  the  third  column,  calcu- 
lated by  myself,  the  HCl  proportional  to  100  parts  of  crystallized  borax. 
Rimbach  himself  computes  the  percentage  of  Na^O  and  thence  the  atomic 
weight  of  boron,  but  the  ratio  NajB^O^.lOHjO  :  2HC1  is  the  ratio  actually 
determined. 


i^B^O-t.wH^O, 

HCl  Solution, 

Ratio. 

10.00214 

103. 195 1 

19.0853 

15.32772 

158.1503 

19.0864 

15.08870 

155.7271 

19.0917 

10.12930 

104.5448 

19.0922 

525732 

54. 257 » 

19.0908 

15.04324 

155.2307 

19.0883 

15.04761 

155.2959 

19.0908 

10.43409 

107.6602 

19.0868 

504713 

52.0897 

19.0915 

Mean,  19.0893,  dr  .0006 

Obviously,  this  error  should  be  increased  by  the  probable  errors  in- 
volved in  standardizing  the  acid,  but  they  are  too  small  to  be  worth 
considering. 

The  following  ratios  are  now  available  for  boron  : 

(i)  Percentage  of  water  in  Na^B^O^.ioHjO,  47.1756,  zh  .0066 

(2)  3Ag  :  BBrg  :  :  100  :  77.425,  db  .0017 

.(3)  Na.,B^07  :  2NaCl  :  :  100  :  57-933,  =b  .0074 

(4)  2AgCl  :  Na.^B^07  :  :  loo  :  70.546,  :t  .0146 

(5)  Na^B^O^.ioHjO  :  2HCI  :  :  loo  :  19.0893,  dr  .0006 

»  Berichte  Deutsch.  Chem.  Gesell.,  26,  164.    1893. 


BORON.  175 

For  reduction  we  have  tlie  antecedent  atomic  and  molecular  weights — 

0   =    15.879,  db  .0003  Na      =    22.881,  rfc  .0046 

Ag  =  107. 108,  db  .0031  NaCl  =    58.060,  d:  .001 7 

a  =   35-179,  ±  .0048  AgCl  =  142.287,  ±  .0037 
Br  =    79.344,  ±  .0062 

For  the  molecular  weight  of  NajB^O^  we  now  have — 

From  (i) Na,Bp^  =  200.198,  dr  .0377 

From  (3) J,        "        =  200.439,  d=  .0263 

From  (4) "        =  200.756,  d=  .0419 

From  (5) **        =200.260,  dr  .051 R 

General  mean Na,B^Oy  =  200.421,  dr  .0180 

Hence  B  =  10.876,  ±  .0051. 

From  ratio  (2),  B  =  10.753,  ±  .0207.    The  two  values  combined  give— 

B  =  10.863,  d=  .0050. 

Or,  if  0  =  16,  B=  10.946. 

If  we  conpider  ratios  (1),  (3),  (4),  and  (5)  separately,  they  give  the  fol- 
lowing values  for  B : 

From  (I) H  =  10.821 

From  (3) **  =c  10.881 

From  (4) **  =  10.960 

From  (5) **  =  10.836 

Of  these,  the  second  and  third  involve  the  data  from  which,  in  a 
previous  section  of  this  work,  the  ratio  NaCl :  AgCl  was  computed.  In 
^inj;  that  ratio  for  measuring  the  molecular  weights  of  its  component 
Biolecules,  discordance  was  noted,  which  again  appears  here.  Tlie  chief 
uncertainty  in  it  seems  to  be  connected  with  ratio  (4),  wliich  is  therefore 
tfitilled  to  comparatively  little  credence,  although  its  rejection  is  not 
^'w^asary  at  this  point.  In  ratio  (2),  Abrahall's  determination,  the  high 
probable  error  of  B  is  due  to  the  also  high  probable  error  of  3Br,  and  it 
*quite likely  that  the  result  is  undervalued.  The  general  mean,  B  = 
10^^  ±  .0050,  however,  can  hardly  be  much  out  of  the  way.  It  is  eer- 
ily more  probable  than  any  one  of  the  individual  values. 
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The  atomic  weight  of  iiluniinuni  has  been  determined  by  Berzelius, 
Matlier,  Tissier,  Dumaj3,  Isuard,  Terreil,  Mallet,  and  Baubigny.  The 
early  calculations  of  Davy  and  of  Thomson  we  may  properly  disregard. 

Berzelius'  *  determination  rest^  upon  a  single  experiment.  He  ignited 
10  grammes  of  dry  aluminum  sulphate,  AlXSO^)^^  and  oiitained  2.99-14 
grammes  of  Al,Oa  as  residue. 

Hence  Al  =  27.103, 

In  183 if  Mather  published  a  single  analysis  of  aluminum  chloride, 
from  which  he  sought  to  tix  the  atomic  weight  of  the  metaL  0.646  grm* 
of  AICI3  gavL"  him  2.05(5  of  AgCl  and  0/2975  uf  Al^O,.  These  figures  give 
worthlesi^  values  for  Al,  and  are  included  here  only  for  the  sake  of  com- 
pleteness.    From  the  ratio  between  AgCl  and  AlClg,  Al  ^  28,584. 

Tissier's  J  deterniinationTalso  resting  on  a  single  experiment,  appeared 
in  185S.  Metallic  aluminum,  containing  .185  per  cent,  of  sodium,  was 
dissolved  in  hydrochlorio  acid.  The  aolntion  wan  evaporated  with  nitric 
acid  to  expel  all  chlorine,  and  the  rei^idue  was  strongly  ignited  until  only 
alumina  remained.  1:935  grm.  of  Al  gave  3.645  grm.  of  Al^O^.  If  w© 
correct  for  the  tmce  of  sodium  in  the  aluminum,  we  have  Al  =  26.930. 

Essentially  the  same  method  of  determination  was  adopted  by  Isnard^  § 
who,  although  not  next  in  elironological  order,  may  fittingly  be  men- 
tioned here.  He  found  that  9  grm.  of  aluminum  gave  17  grm.  of  AI^O,, 
Hence  Al  ^  2G.8 

In  1<S58  Dumas, II  in  connection  with  hia  celebrated  revision  of  the 
atomic  weights,  made  seven  experiments  with  ahiminum  chloride.  The 
material  was  prepared  in  quantity,  sublimed  over  iron  tilings,  and  finally 
resublimed  from  metallic  aluminum.  Each  sample  used  was  collected 
in  a  small  glass  tube,  after  sublimation  from  alumiuum  in  a  stream  of 
dry  hydrogen,  and  hermetically  enclosed.  Having  been  weighed  in  the 
tube,  it  was  dissolved  in  water,  and  the  quantity  of  silver  necessary  for 
precipitating  the  chlorine  was  determined.  Reducing  to  a  common 
standard,  his  weighings  give  the  quantities  of  AlCl^  stated  in  tlie  third 
column,  as  proportional  to  100  part8  of  silver; 


I.S7S6 

grm,  AH 

-"1  =  4  543  gi^ni,  Ag. 

4T.352 

3.021 

7.292 

4 1. 459 -Bad. 

■                  3,399 

5.802        ** 

41.348 

B                 1.922 

4.6525       " 

41.3" 

■                1^697 

4.1015       " 

41-375 

^                4.3165 

10.448 

41*314 

6,728 

16.265         ♦' 

41.365 

'Poggtnd.  Aiiiial..  S^  177. 

t8illiman*s  Amcr.  Journ.,  27,  341. 

JCompl.  Rend.,  46,  1105. 

2  Conipt,  Rend..  66.  soS.    1S68. 

I  Ann.  Chim.  Pbys,  (3),  55.  151.     Ann.  Cheni.  Phann.,  trj,  j<J» 
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In  the  second  experiment  the  AlCl^  contained  traces  of  iron.  Reject- 
ing this  experiment,  the  remaining  dx  give  a  mean  of  41.344,  ±  .007. 
Theae  data  give  a  value  for  Al  approximating  to  27.5,  and  were  for 
many  years  reptrded  ai*  satififactury.  It  now  seeni8  probable  that  the 
chloride  contained  traces  uf  an  oxy-compound,  which  would  tend  to 
raise  the  atotnic  weight. 

In  1870  Terrell  *  published  a  new  determination  of  the  atomic  weight 
under  consideration,  based  U|»on  a  direct  comjiarison  of  tiie  metal  with 
hydrogen.  Metallic  aluminum,  contained  in  a  tube  of  hard  ghiss,  was 
heated  strongly  in  a  current  of  dry  hydrochloric  acid.  Hydrogen  was 
set  free,  and  wtts  collected  over  a  strung  .sohitinn  of  caustic  pota^h. 
0.410  grm,  of  aluminum  thus  were  found  ecjuivalent  to  508.2  cc,  or 
.045671  grm.  of  hydrogen.     Hence  Al  =  26.932. 

About  a  year  after  TcrreiTs  dctcnninatiun  a|ipeared»  the  lower  value 
for  aluminum  was  thoroughly  cunfirmed  by  J.  \\\  Mallet.f  After  giving 
A  full  r^sum^^  of  the  work  done  by  others,  exclusive  of  Isnard,  the  author 
desc^rihes  his  own  oxperinienta,  which  may  he  summarized  as  follows  : 

Four  methods  of  determination  were  employed,  each  one  simple  and 
direct,  and  at  the  same  time  independent  of  the  others.  First,  pure 
ammonia  alum  was  calcined,  and  the  residue  of  aluminum  oxide  was 
estimated.  Second,  aluminum  bromide  was  titrated  with  a  standard 
solution  of  silver.  Third,  met^illic  aluminum  was  attacked  by  caustic 
Roda,  an<l  tlie  hydrogen  evolved  was  measured.  Fourth,  liydrogeu  waa 
get  free  by  aluminum,  and  weighed  as  water.  Every  weight  was  care* 
fully  verified,  the  verirtcation  being  based  upon  the  direct  comparison, 
by  J.  E.  Ililgard,  of  a  kilogramme  weight  with  the  standard  kilogramme 
at  Washington*  The  specific  gravity  of  each  piece  was  determined,  and 
also  of  all  materials  aufl  vessels  used  in  the  weighings.  During  each 
weighing  both  barometer  and  thermoinetor  were  oliserved,  so  tluit  every 
result  represents  a  real  weight  in  vacuo. 

The  ammonium  alum  used  in  the  first  Tories  of  exjienmcnts  waa 
specially  prepared,  and  was  absolutely  free  froiii  useert^iinablc  impiiri- 
tios.  The  salt  wivs  found,  however,  to  lose  traces  of  water  at  ordinary 
temperatures— a  circumstance  which  tended  towards  a  slight  elevation 
of  the  apparent  atomitr  weight  of  aluminum  as  calculated  from  the 
weighings.  Two  seta  of  experiments  %vere  made  with  the  alum  ;  one 
upon  a  sample  airnlried  for  two  hours  at  21*^-20 '^^  the  other  upon  mate- 
rial dried  for  twenty-four  hours  at  19°-26°.  Thase  sets,  niarketl  A  and 
B  respectively,  differ  Blightly,  B  being  the  less  trustworthy  of  the  two, 
judge<l  from  a  chemical  standpoint.  Mathematically  it  is  the  better  of 
the  two.  Calcination  was  efrect4L*d  with  a  great  variety  of  precautions, 
concerning  whi«h  the  original  memoir  muHt  be  consulteil.  To  Mallet's 
weighings  I  append  the  percenU\ges  of  Al^Oj  deduced  from  them  : 


1:2 


*  Uullctlti  dr  Im  Sac.  Chimique,  ji,  15J, 
t  Phil.  Trmiu.,  ittOk  p*  looj. 
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Series  A, 

8.2144  g)^>  of  the  alum  gave    .925S  grm.  jVI^Oj,. 
14.0378  "  i.5«25         »* 

5.6201  "  .6337 

11.2227  '*  1.2657         ** 

10.8435  *'  1. 221 6        •• 


11.270  per  ccnL 
r  1.273       " 
11,275       •♦ 
n.278       •* 
11.266       •• 


Mean,  it. 2724,  ±:  .0014 


Series  B. 


I2«t023  grm.  of  the  alum  gave  1.3660  grm.  AI^O^,. 

10.4544  •*  «.»796 

6,7962  **  .7670         ** 

8.5601  "  .9654 

4.8992  "  ,5528         *» 


II.2S7  pcrr  ccnu 
11.283       " 
U.286       '• 
11,278       " 
11.285       •* 


Mean,  ii.2834»  it  001 1 

Combined,  these  seriea  give  a  general  mean  of  1 1 .2793,  ±,.  0008.  Hence 
Al==  26.952. 

The  aluminum  bromide  used  in  the  second  series  of  experiments  was 
prepared  by  ibe  direct  action  of  liromin^  upon  the  metal.  Tbe  product 
was  repeatetlly  distilled,  tbe  earlier  portions  of  eaeli  distUlate  being  re- 
jected, until  a  constant  boiling  point  of  263.°3  at  747  mra.  pressure  was 
noted.  The  last  dij^tillntion  wa8  effected  in  an  atmosphere  of  jiure  nitro- 
gen, in  order  to  avoid  tbe  pos.sible  formation  of  oxide  or  oxy-bromide  of 
aluminum ;  and  the  distdlate  was  collected  in  three  portions,  wbioh 
pn^ved  to  be  sensibly  identical.  The  individual  samples  of  bromide 
were  collected  in  thin  glass  tubes,  wldeh  were  hermetically  sealed  after 
nearly  fdling.  For  the  titration  pure  silver  was  prepared,  and  after 
fusion  upon  rbarcoal  it  was  heated  in  a  Sprengel  vacuum  in  order  to 
eliminate  occluded  gases.  Tbis  silver  was  dissolved  in  specially  purified 
nitric  aeid,  the  latter  but  very  Blip;htly  in  excess.  The  aluminum  bro- 
mide, weighed  in  the  sealed  tube^  was  dissolved  in  water,  precautions  be- 
ing taken  to  avoid  any  loss  by  splasbing  or  fuming  wbich  might  result 
from  the  virflence  of  the  action.  To  the  solution  thus  obtained  the  silver 
solution  was  added,  the  silver  behiuf  something  less  than  a  decigramme 
in  deficiency*  The  remaining  amount  of  silver  needed  to  complete  the 
precipitation  of  tbe  bromine  was  added  from  a  burette,  in  the  form  of  a 
standard  solution  containing  one  niilligraTume  of  metal  to  each  cubic 
centimetre.  The  final  results  were  as  follows,  the  Bgurea  in  the  third 
column  rejjresentlng  tbe  quantities  of  bromide  proportional  to  lODparta 
of  silver.  Series  A  is  from  tbe  first  portion  of  the  hist  distillate  of  AlBr, ; 
seriea  B  from  the  second  portion,  and  series  C  from  the  third  portion; 

SerUs  A^ 

6.0024  grm.  AlBr,  =  7*2793  grm,  Ag.  $2,458 
8.6492  •*  10.4S97  •*  S1.454 
3.180S     -      3,8575    ♦•         82.462 
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6^9617  grm,  AlBr,  =    S.4429  ^rm.  Ag.  82.456 

\\.u^^\  **  15.5^7       **  S2.445 

^7^21  *•  4.5^^         "  S2.4S9 

f.aS4i  '*  6.4085       '*  82.456 

'97338  **  ii,S(H7        •'  82.457 


Series  C 

9'15'5  C"**'  AIBr,=r  11.3424  grm.  Ag. 
4,442^  "  S^3«77 

5.3750        **  ^m$ 


82.447 
82.458 
82,454 


Mean,  82,455,  ±  .001 


U- 26.916. 

mment^  to  dotermine  the  amount  of  hydrogen  evolved  by  the 
iU8tic  soda  upon  metallic  aluminum  were  conducted  with  pure 
ciiiHy  prepared,  and  with  cauatic  soda  made  from  sodium. 
\y&s  so  stronj(  as  to  scarcely  lose  a  percei>tible  amount 
.  ^  is«age  through  it  uf  a  dry  gas  at  ordinary  temperature. 
ulfl  of  the  experiments  are  somewliat  complex^  the  original 
iltod  for  them.    The  following  results  were  obtained, 
1  rogen  being  calculated  from  the  volume,  reckoned 
^*I  inikcnroe  per  litre. 


WLH. 


AL  WL 


.041234 

36.898 

.042051 

26.889 

.040362 

26.907 

,084614 

26.872 

.081595 

26.891 

.084156 

26.882 

Mean,  26.890, 

.0034 


aertcss  of  experiments  was  made  with  larger  quantities  of 
I  than  u  1  in  the  forcgoinjx  set.     The  liydrogen,  evolved 

ion  of  t  i  ic  alkali,  was  dried  l»y  pa8sing  it  through  two 

Ktnbtasi  containing  jtumiee  stone  and  sulphuric  acid,  and  two  others 
t»>s  and    phosphorus   pentoxide.     Thence   it    passedj 
|u  .>ti*m  tube  contaiaing  copper  oxide  lieated  to  redness." 

I  01  dry  nitroir*tn  wiis  employed  U\  sweep  tlie  lrtf«t  tra(*es  of  hy- 
-•  -  .t,-.  f'ombustion  tube»  and  dry  air  was  afterwardji  iiassed 
•  '  apparatus  to  reoxidi^e  the  surface  of  rtnluced  coi»j)er, 
rr^ni  the  ret<?iition  of  occluded  hydrogen.  The  water  formed 
kidAlion  of  the  hydrogen  was  collected  in  three  drying  tubes* 
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The  results  obtained  were  as  follows.    The  third  column  gives  the  amount 
of  water  formed  from  10  grammes  of  aluminum. 


2.1704  grm,  Al  gave  2.1661  gnn.  H^O. 
2.9355  *'  2.9292 

5.2632  **  5*2562        *' 


9.9802 

9.974*5 
9.9S67 

Mean,  9.9818,  i  .0017 


Hence  Al  ^  26.867. 

From  the  last  two  series  of  experiments  an  independent  value  for  the 
atomic  weight  of  oxygen  may  he  calculated.  It  heconies  0  =  15.895. 
The  closene*58  of  this  figure  to  some  of  the  best  determinations  affords  a 
good  indication  of  tlie  accuracy  of  Mallet *s  work. 

In  connection  with  Mallet's  work  it  is  wortli  noting  that  Torrey  *  pub- 
lished a  series  of  mea.>^urements  of  the  H  :  Al  ratio,  representing  determi- 
nations made  under  his  direction  by  elementary  students.  Tliese  meas- 
urements are  thirteen  in  number^  and  calculated  with  Regnault  s  old 
value  for  the  weight  uf  hydrogen,  range  from  1?6.661  to  27.3(70^  or  in  mean, 
27 .049 J  di  .323.  Cunrected  by  tlie  latest  vulue  for  the  weight  of  H,  this 
mean  becomes  26.967.  The  result,  of  course,  has  only  confirmatory 
flignilicance. 

By  Baubigny  f  we  have  only  two  determinations,  based  upon  the 
calcination  of  anhydrous  aluminum  sulphate,  AL,(SOjj|. 


3' 6745  grm.  salt  gave  1,0965  Al,0,, 
2.539  "  .7572      *' 


29.841  per  cent. 
29.823      '• 


Mean,  29.S32,  dz  .0061 


Hence  Al  =  26.858. 

It  is  clear  that  the  single  determinations  of  Berzelius,  Mather,  Tii3sier, 
Isnard,  and  Terrell  may  now  be  safely  left  out  of  account,  for  the  rea^n 
that  none  of  them  could  affect  appreciably  the  final  value  for  Al.  Ilie 
ratios  to  consider  arenas  follows : 

(I.)  3Ag  :  AlClj  :  :  100  :  41-344,  ±  .OO70 

(2.)  Percentage  of  Al,Oj  in  ammonitim  alum,  1 1. 2793,  ±  .0008 

{3.)  3^8  •  AlHr,  :  i  100  :  82.455,  ±  .0010 

(4.)   H  :  Al  :  :  1  :  26.890,  ifc  .0034 

(5.)   Alj  :  3H.P  :  :  10 :  9,9818,  d=  .OOI7 

(6.)  Percentage  of  Al^O,  in  Al,(SOJ,,  29.832,  ±,  ,0061 


The  antecedent  values  are — 
O  =  15-879,  ±:  .0003 

Ag  =  107.108,  rh  .0031 
CI   =    35.179,^^.0048 


Hr=  79.344,^.0062 
N  =  13.935.  ^  .0021 
S  =   31,828,  ziz  .0015 


•  Am,  Cliem.  Jours.,  10,  74.    ifisa. 
t  Compt,  Ecnd.,  97.  f  3^'    iS^S. 
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Hence  for  aluminum  we  have — 

From  (i) Al  =  27.311,  dt  .0270 


From  (2). 
From  (3) . 
From  (4). 
From  (5). 
From  (6). 


=  26.952,  dr  .0037 
=  26.916,  ±  .0201 
=  26.890,  ±  .0034 
=  26,867,  rb  .0046 
=  26.858,  rfc  .0113 


General  mean Al  =  26.906,  ±  .0021 

With  0  =  16,  Al  =a  27.111.    The  rejection  of  Dumas'  data  only  lowers 
the  result  to  26.903. 


GALLIUM. 

Gallium  has  been  so  recently  discovered,  and  obtained  in  such  small 
<|untities,  that  its  atomic  weight  has  not  as  yet  been  determined  with 
much  precision.  The  following  data  were  fixed  by  the  discoverer, 
Lecoq  (le  Boisbaudran  :  * 

3.1044  grammes  gallium  ammonium  alum,  upon  ignition,  left  .5885 
grm.  GajO,. 

Hence  Ga  =  69.595.     If  O  =  16,  Ga  =  70.125. 

•WSl  grammes  gallium,  converted  into  nitrate  and  ignited,  gave 
.6^24grm.Ga,0,. 

Hence  Ga  «  69.171.     If  O  =  16,  Ga  =  69.698. 

These  values,  assigned  equal  weight,  give  these  means  : 

With  H  =  I,  Ga  =  69.383.  With  O  =  16,  Ga  =  69.912 

•  Journ.  Chcra.  Soc.,  1878,  p.  646. 
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INDIUM. 

Reich  and  Richter,  the  discoverers  of  indium,  were  also  ihi 
determine  its  atomic  weight*  They  dissolved  weighed  quantiti 
metal  in  nitric  acid,  precipitated  the  solution  with  ammonia,  igi 
precipitate,  and  ascertained  its  weight.  Two  experiments  were 
follows : 

•5 '35  S^*™'  indium  gave  .6243  grm.  In^O,. 
.699  "  .8515 

Hence,  in  mean,  In  =»  110.61,  if  O  =  16 ;  a  value  known  n^ 
too  low. 

An  unweighed  quantity  of  fresh,  moist  indium  sulphide  waa 
solved  in  nitric  acid,  yielding,  on  precipitation, 

.2105  grm.  In^O,  and  .542  grm.  BaSO^. 

Hence,  with  BaSO,  =  233.505,  In  =  112.03 ;  also  too  low. 
Soon  after  the  publication  of  Reich  and  Richter's  paper  th 
was  taken  up  by  Winkler.f    He  dissolved  indium  in  nitric  ac 
orated  to  dryness,  ignited  the  residue,  and  weighed  the  ox 
obtained. 

•5574  gf™.  In  gave  .6817  grm.  lOjO,. 
.6661     "     .8144 
.5011     "     .6126 

Hence,  in  mean,  if  O  =  16,  In  =  1D7.76 ;  a  result  even  lower 
values  already  cited. 

In  a  later  paper  by  Winkler  J  better  results  were  obtain< 
methods  were  employed.  First,  metallic  indium  was  placed  i 
tion  of  pure,  neutral,  sodio-auric  chloride,  and  the  amount  of  ] 
cipitated  was  weighed.  I  give  the  weighings  and,  in  a  third 
the  amount  of  indium  proportional  to  100  parts  of  gold : 

In.  Au. 

.4471  grm.  .8205  grm. 

.8445     '*  1.4596    *' 

Mean,  57.830^  :i:^ 


Hence,  if  Au  =  195.743,  ±  .0049,  In  =  113.179,  db  .0617. 
Winkler  also  repeated  his  earlier   process,  con^ertiMI;! 
oxide  by  solution  in  nitric  acid  and  ignition  of  tin 


A 


*  Journ.  far  Prakt.  Chem.,  91;  iB^ 
t  Journ.  fOr  Prakt.  Chew 
X  Journ.  fQr  Prakt  * 
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ditional  experiment,  the  third  as  given  below,  was  made  after  the  method 
of  Reich  and  Richter.    The  third  column  gives  the  percentage  of  In  in 

ln,0,: 

1.124  g""*'  In  gave  1. 3616  grm.  IiijOj.  Per  cent.,  82.550 

1.015     "     1. 2291    •*  '*    82.581 

.6376    "      .7725    "  "    82.537 

These  figures  were  confirmed  by  a  single  experiment  of  Bunsen's  * 
published  simultaneously  with  the  specific  heat  determinations  which 
showed  that  the  oxide  of  indium  was  In^O,,  and  not  InO,  as  had  been 
preTiously  supposed : 

1.0592  grm.  In  gave  1.2825  grm.  In^Oj.     Per  cent.  In,  82.589 

For  convenience  we  may  add  this  figure  in  with  Winkler's  series,  which 
gives  us  a  mean  percentage  of  In  in  lufi^  of  82.564,  ±  .0082.  Hence,  if 
0-15.879,  ±  .0003,  In  =  112.787,  ±  .0542. 

Combining  both  values,  we  have — 

From  gold  series In  =  113. 179,  rt  .0517 

From  oxide  series "  =  1 12.787,  dr  .0542 

General  mean In  =  1 1 2.992,  =h  .0374 

IfO  =  16,  In  =  113.853. 

*  Poggend.  Annal.,  141,  28. 
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THALLIUM. 

The  atomic  weight  of  this  interesting  metal  has  been  fixed  hj^  the  re- 
searches of  bim>%  Werther,  HchberJing,  Crookes.  and  Lepierre. 

Lamy  and  Hebherling  investigated  the  ehloride  and  snlphate;  Wer- 
ther  stndied  the  iodide;  Crookes*  exjmriinents  involved  the  s^ynthesis  of 
the  nitrate.  Lepierre 'h  work  h  still  more  reeent,  and  is  baaed  upon 
several  com  pounds. 

Laniy  "^  gives  the  results  of  one  analysis  of  thaHiinn  sulphate  and  threti 
of  thallium  chloride.  3.42*^>  graiiinies  Tl^SO^  gave  IjylH  grnu  HaSO^; 
whence  100  parts  of  the  latter  are  equivalent  to  2ir>.t>20  o(  the  former. 
In  the  thallium  chloride  the  chlorine  was  estimated  as  silver  chloride. 
The  following  results  were  obtained.  In  the  third  column  I  give  the 
amount  of  TlCl  proportional  to  lOiJ  parU  of  AgCl : 

3,912  grm.  TlCI  gave  2.346  grm.  AgCh  166.752 

3.000  **  T.8015        **  166.518 

3.912  *'  2.336  **  167.466 

Mean,  166,915,  ±^  .1905 

Hehberling^st  work  resembles  that  of  Lamy.  Reducing  his  weighings 
to  the  standards  adopted  above,  we  have  from  hia  sulphate  series,  an 
erjuivalenl  to  ItM)  parts  of  BaSOj,  the  amounts  of  T1,S(\  given  in  the 
third  column  : 


I.4I95  gnu.  TI,SO|  gave  ,6534  grm,  HaSO^. 
1.1924       **       ,5507 
.8560      **       .3957 


217.248 

216.524 
216,325 

Mean,  216,699 


Including  liamy's  single  result  as  of  equal  weight,  we  get  a  mean  of 
2ir^.7r>4,  ±  J3«7. 

From  the  chloride  series  we  have  these  results,  with  the  rntio  stated 
as  usual : 

.2984  gnu.  TICI  gave  ,1791  grm.  AgCl.  166,61  r 

.5452  **  .3278  *•  166,321 

Mean,  166,465.  zb  .097 

liamy's  raoan  was  166.915,  dt  .1905.  Both  means  combined  give  a 
general  mean  of  IGG.ooo,  ±  .()8tV>. 

Wertlier'sJ  determinations  of  iodine  in  thallium  iodide  were  made  by 
two  metliods.  In  the  finnt  series  Til  was  decomposed  by  zinc  and  potas- 
^aium  hydroxide,  and  in  the  filtrate  the  iodine  was  estimated  as  AgL 

•Z<?U.  AnaU  Chcni,^  a.  an.     iflK^. 
fAnn.  Chcni,  Pharm,.  134,  11.     1865* 
1  Journ.  rckr  Prnkt  Chem.,  93^  rsft.    1864. 
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Oue  hundred  jiarts  of  Agl  correspond  to  the  amounts  of  Til  given  in 

the  last  colutuh: 


.720  giro.  Til 

gAVC 

.51    gnu.  Agl. 

14M76 

t.072 

1*472 

140,761 

.960 

.679 

14»  3S4 

.385 

.273 

141.026 

i«o6» 

-759 

140.711 

Mean,  141. 012,  rb  .085 

lu  theiiecoiui  serma  thf  thiillium  iodide  was  decompuned  bv  ammonia 

in  presence  of  silver  nitnite,  and  the  resulting  Agl  was  weighed*     Ex- 

Ipressed  according  to  the  foregoing  stiindard.  the  reaultj*are  as  follows : 

*-375  g"^' T^'I  gi^vc    ,978  grm,  Agl,  Katio,  140.593 

1.540  "  1.095         **  *•       140.639 

l.jSo  *'  .9S1         '*  *»      140.673 

Mean,  1 40.635 »  ±  ,016 

General  mean  of  both  series,  140.048,  dz  *01(>. 

In  1873Crooke9*  the  discoverer  of  thallium,  published  his  final  deter- 
mination of  its  atomic  weight.  His  method  was  to  efiect  the  S3'nthc?*i^  of 
thallium  nitmte  from  weiglied  quantiLies?  o(  alL^uliUely  pure  thallium. 
No  preeauti«)n  necessary  to  ensure  [Hirity  of  materials  was  neglected  ;  the 
balances  wen*  constructt*d  especially  for  the  research  ;  the  weights  were 

eumtely  tested  and  all  their  errors  ascertained  ;  weighings  were  nni<le 
partly  in  air  and  ]jartly  in  vacuo,  but  all  were  reducc'l  to  abaoluic  stand- 
ards ;  and  unusually  large  cpiantities  of  thallium  were  em]>loyed  in  each 
experiment.  In  short,  no  elfurt  was  spared  to  attain  as  nearly  as  possi- 
ble absolute  priicision  of  results.  The  details  of  the  investigation  are  too 
voluminous,  however,  to  be  cite<l  here ;  the  reader  who  wishes  to  become 
familiar  with  them  must  consult  the  original  memoir.  Suftice  it  to  say 
that  the  research  is  a  model  which  other  chemists  will  do  well  to  ropy. 

The  results  often  experiments  liy  Professor  Crookes  may  be  stated  as 
follows.  In  a  final  column  I  give  the  quantity  of  nitmte  producible 
from  lOQ  parts  of  thallium.    The  weights  given  are  in  grains  : 


ThalliHm. 

TINO^  -f  Glass. 

Glass  Vessel. 

Rath. 

49797^995 

iiai. 851852 

472'5573«9 

"30.3875 

393  193507 

in  1.387014 

729.082713 

J  30. 3930 

aSS  562777 

971  2UI43 

594  9497' 9 

130J926 

324.963740 

1142.569408 

718.849078 

130.3900 

I«3.7902j2 

1005.779897 

766. 1 33«3" 

^l^'i^^^ 

190,842532 

9973546*  5 

748.491271 

130.3920 

»95.544:J24 

1022.176679 

767.203451 

130.3915 

201.S16345 

1013.4S0J35 

750.332401 

130.3897 

«95.^35^3 

i  153.94767^ 

768.403621 

130.390S 

299.203036 

1159.S70052 

769.734201 

i30.39>7 

Mean 

,  130,3910.  rt  .00034 

•  PhU.  Tr«n».,  ift71.  P.  Kl- 
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Lepierre's*  determinations  were  published  in  1803,  and  represented 
several  distinct  mothuda.  First,  thallons  sulphate  was8ubjectcd  to  elec- 
trol^^t^ia  in  presence  of  an  excess  of  ammonium  oxalate,  the  reiluced 
metal  being  dried  and  weighed  in  an  atmosphere  of  hydrogen.  The  cor- 
rected weights,  etc.,  are  aa  follows : 


^-^935  gi*TO-  TIjSOj  gave  i.5327  TL 
2.7243  •*  2.2055    " 

2.S112  **  a.2759    *• 


80,945  per  cent, 
80.957       •« 
go.958      *' 


Mean,  80.953,  rh  .0030 


Secondly,  weighed  f|uantities  of  cryBtallized  thallic  oxide  were  con- 
verted into  thallous  sulphate  by  means  of  sulphurous  acid,  and  the  solu- 
tion was  then  subjected  to  electrolysis,  09  in  the  preceding  series. 


3.22r6  ijrm.  TI/\  gave  2.8829  TL 
2.5417  "  2.2742    ** 


S9.4S7  per  cent. 
S9-475       " 


Mean,  89  481,  rfc  ,0040 


In  the  third  set  of  experiments  a  definite  amount  of  thallou??  sulphate 
or  nitrate  was  fused  in  a  polished  silver  crucilde  with  ten  times  its  weight 
of  absolutely  pure  caustic  potai^h,  Tliallic  oxide  was  th us  formed,  which, 
with  various  preK'autions,  was  washed  with  water  and  alcohol,  and  finally 
weighed  in  the  original  crucible.  One  experiment  with  the  nitrate  gave — 
2.7591  grm.  TlNOj  yields  2.3649  T1,0,.  85.7'3  P«r  cent. 

Two  experiments  were  made  with  the  sulphate,  as  follows: 


3,1012  grm,  TljSO^  gave  2,8056  TljOj. 
2.347S  »'  2.1239      " 


90.468  per  cent. 
90,463       •' 

Mean,  90.465,  ±:  ,0020 


Finally,  crysUdlized  thallic  oxide  was  reduced  by  heat  in  a  stream  of 
hydrogen,  and  the  water  so  formed  was  collected  and  weighed. 

2.7873  i;rnu  TIjOj  gave  ,3301  Ftjf),  M.843  per  cent. 

3.9S71  *•  .4716     **  11,828       ** 

4,0213  ••  ,4761      "  n.839       *' 


Mean,  11.837,  dr  .0029 

In  a  supplementary  notef  Lepierre  states  that  his  weights  were  all 
reduced  to  vacuum  standards. 

Some  work  by  Wells  and  Penfield,  t  incidentally  involving  a  detep- 
mination  of  atotnie  weight.  Imt  primarily  intended  for  anotlter  purpose, 
may  also  be  tjiken  into  account.  Tlieir  question  was  as  to  the  constancy 
of  tluillium  itself.  The  nitrate  waa  repeatedly  crystallized,  and  the  last 
crystallisation,  with  the  mother  liquor  representing  the  <i|i[mi?ite  end  of 

•  OuU.  Soc.  Chim.  (3),  9.  166. 

t  DiilL  Soc.  Chim.  (j).  11,  4n<    1S94. 

;  AtiieT.  Joum.  Sci,  (3),  47,  466,     1894, 
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IMciefls  welt)  both  converted  into  chloride.     In  the  latter  the  chhirino 
as  silver  chloride,  which  was  weighed  on  a  (iooch  filter, 
reHQltA  given  helow,  which  are  s^en^ibly  idcnticaL    The  TlCl 
mhni  u*  100  parts  of  AgCl  h  stated  in  the  last  column. 

77a.  A^CL  Ratio. 

^riMxv% 3.9146  2.3393  167.341 

SfoftbcT  liquor « * 334*5  19968  167.343 

Mean,  107.342 

Aeii.fl  of  Lamy^s  and  Hchberling's  determinations  of  this 
I  gfttrcj  1M^55.  i^  ,0860.     If  we  arliitrarily  assign  Wtjll^  and  Pen- 
d'i  nieAH  eqtial  weight  with  that,  wo  get  a  new  general  mean  of 
5m±.0ijlO. 
I  The  mtioi*  U>  be  considered  are  now  as  follows : 

(lO  BaSO^  T  TIjSO^  :  :  100  :  216.754,  ±,  .1387 
(J.)  AgCl  :  TICl  :  :  100  I  166.94S.  rb  ,0610 
(3-)  Ag*  :  TU  :  ;  loo  :  I40.648,  i  ,01 6 
(4,)  Tl  :  TINU,  :  :  100  :  1 30. 39 1,  rt  ^00034 
(5.)  TVSQ^  I  T»,  I  J  100  I  80.953.  rh  .00 JO 
(^)  T1,0,  :  Tl,  :  :  too  :  89.4S1,  ±-  ,0040 
(70  tTINO,  :  T1,0,  ::  100  :  85,713 
(S.)  T\S04  :  Tl,0,  :  :  100  :  90.465,  -±^  .0020 
(9-)  TIA  •  3H,0  :  :  100  i  11.S37,  dr  .0029 


AjmI  Ui«»  Anif^*odeut  data  are  these  : 
•5.^79.  2- .0003 

^^  107.108,  rt  .0031 
CI  ^  35»T9.  :ir.004& 
=  125.888.  d:.oo69 


N       =    13*935.  ^oo«« 

S  =    31.828,  :ir,OOl5 

AgCl  ==  142,287,  zb  .0037 
Agl     =r  232.996,  ^  ,0062 


iher  sevtai  n\st«  upon  a  single  experiment,  and  the  atomic 

Jliiim  tlcrivcd  from  it  must  tlierefore  be  arbitrarily  weigljted. 

iWlieen  asiimod,  therefore,  that  its  probable  error  is  the  same  as  that 
Taking  this  much  for  granted,  wc  have  nine  values 


ffwii  (1  y 

FfMB  (1) 

niMn  (3) 

rir^  (4J 


Uenrrsi  tti- 

;ti  =2r» 


_  Tl  =  203.478.  ±L .  t6io 

•»  =  202.366,  tt:  .0872 

"'  —  201. S16,  1^,0389 

»*  =  202.595,  db.ou? 

"  =  202.614,  ±,  .0330 

**  _  202  620,  ±.  ,0775 

«•  =  202,679^  ±1 .0483 

**  =202,496,  i.0483 

**  =  202.7464  :t-  .0576 

Tl  =  ao2,55S»:fc,oo9d 
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If  we  reject  the  first  three  values,  retaining  only  those  due  ttt 
periments  of  Crookes  and  Lepierre,  we  have — 

Tl  =  202.605,  ±z  .0103 

If  O  =  16,  this  becomes  204.149.  This  mean  exceeds  Crookfl 
mination  only  by  0.01,  and  may  be  regarded  as  fairly  satil 
Crookes'  ratio  evidently  outweighs  all  the  others. 


SILICON. 


Although  Berzelius*  attempted  to  ascertain  the  atomic  if 
silicon,  first  by  converting  pure  Si  into  SiOjjand  later  from  tho 
of  BaSiF,,  his  results  were  not  satisfactory.  We  need  consider' 
work  of  Pelouze,  Schiel,  Dumas,  and  Thorpe  and  Young. 

Pelouze,t  experimenting  upon  silicon   tetrachloride,  empk 

usual  method  of  titration  with  a  solution  containing  a  knowQ  | 

silver.    One  hundred  parts  of  Ag  gave  the  following  equivall 

SiCl, : 

39.4325 
39.4570 

Mean,  394447,  ±  .0083 

Essentially  the  same  method  was  adopted  by  Dumas.  J  R 
was  weighed  in  a  sealed  glass  bulb,  then  decomposed  by  wi 
titrated.     The  results  for  100  Ag  are  given  in  the  third  columat: 

2.899  grm.  SiCl^  =  7.3558  grai.  Ag.  39.411 

1.242  *'  3.154  *'  39-379     .       . 

3.221  "  8.1875        "  39.340 

Mean,  39.377,  dt  - 
Dumas'  and  Pelouze's  series  combine  as  follows  : 

Pelouze 39.4447.  ±  .00^ 

Dumas 39. 377.    ±  .014 

General  mean 39.4265,  ds . 

Schiel,  §  also  studying  the  chloride  of  silicon,  deoomfi 
monia.     After  warming  and  long  standing  it  was 

•  Lehrbuch,  5  Aufl.,  3,  xaoa 
t  Compt.  Rend.,  20,  1047.    1^45. 
t  Ann.  Chem.  Pharm.,  1x3,  31.    itto. 
{Ann.  Chem.  Pharm.,  iao,9^ 
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filtrate  the  chlorine  was  estimated  as  AgCl.    One  hundred  parts  of  AgCl 
correspond  to  the  quantities  of  SiCl^  given  in  the  last  column : 


•6738  grm.  SiCI^  gave  2.277  g"".  AgCl. 
1.3092  •*  4.418         ** 


29.592 
29.633 

Mean,  29.6125,  ±  .0138 


Thorpe  and  Young,*  working  with  silicon  bromide,  seem  to  have  ob- 
tained fairly  good  results.  The  bromide  was  perfectly  clear  and  color- 
less, and  boiled  constantly  at  153®.  It  was  weighed,  decomposed  with 
water,  and  evaporated  to  dryness,  the  crucible  containing  it  being  finally 
ignited.  The  crucible  was  tared  by  one  precisely  similar,  in  which  an 
equal  volume  of  water  was  also  evaporated.  Results  as  follows,  with 
weights  at  vacuum  standards : 


9  63007  grm.  SiBr^  gave  1.67070  SiOj. 


12.36099 

12.98336 

9.02269 

15.38426 

9.74550 
6.19159 
9.51204 
10.69317 


2.143*8 
2.25244 
".56542 
2.66518 
1.69020 
1.07536 
1.65065 
1-85555 


17-349  PC'  cent. 

17.338 

17.349 

>7.35o 

«7.324 

17.343 

17.368 

»7-353 

J7.353 


Mean,  17.347,  ± 


0027 


The  ratios  now  available  are — 


(I.)  4Ag  :  SiCl^  :  :  100  :  39.4265,  ±  .0071 
(2.)  4AgCl  :  SiCl^  ;  :  lOO  :  29.6125,  ±  .0138 
(3.)  SiBr,  :  SiO,  :  :  lOO  :  17.347,  ±  0027 


Reducing  these  ratios  with — 


O  =  15.879,  rb  .0003 
Ag  "^  107.108,  ±  .0031 
CI    -    35«79,  dr.0048 


Br      =    79-344,  ±  .0062 
AgCl  =  142.287,  ±  .0037, 


we  have  the  followin<];  values  for  the  atomic  weight  of  silicon  : 

From  (i) Si  =  28.200,  dz  .0363 

From  (2) **  —  27.823,  dt  .0810 

From  (3) **  -rr  28.187,  i:  .0122 


General  mean 

If  0  =  10,  8i  =  28.895. 


Si  —  28.181,  =tr  .0114 


*  Jouru.  Chem.  Soc..  51,  576.     1S87. 
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TITANIUM. 


The  earliest  determinations  of  the  atomic  weight  of  titanium  are  due 
to  Heinrich  Rose.*  In  his  first  investigation  he  studied  the  conversion 
of  titanium  sulphide  into  titanic  acid,  and  obtained  erroneous  results ; 
later,  in  1829,  he  published  his  analyses  of  the  chloride,  t  This  compound 
was  purified  by  repeated  rectifications  over  mercury  and  over  potassium, 
and  was  weighed  in  bulbs  of  thin  glass.  These  were  broken  under  water 
in  tightly  stoppered  flasks ;  the  titanic  acid  was  precipitated  by  ammo- 
nia, and  the  chlorine  was  estimated  as  silver  chloride.  The  following 
results  were  obtained.  In  a  fourth  column  I  give  the  TiO,  in  percentages 
referred  to  TiCl^  as  100,  and  in  a  fifth  column  the  quantity  of  TiCl^  pro- 
portional to  100  parts  of  AgCl : 


TiCl^. 

TiOr 

AgCL 

Percent,  TiO^. 

AgCl  Ratio. 

.885    grm. 

.379  grm. 

2.661  grm, 

42.825 

33.258 

2.6365    - 

1. 120    ** 

7.954    ** 

42.481 

33.147 

I.7157     " 

.732    - 

5.172    " 

42.665 

33.173 

3.0455    •* 

1.322    ** 

9.198    " 

43.423 

33.100 

2.4403     " 

1.056    " 

7.372    " 

Mean 

43.273 

dz.I2I 

33.102 

,  42.933, 

33.156,  zb. 019 

If  we  directly  compare  the  AgCl  with  the  TiO,  we  shall  find  100  parts 
of  the  former  proportional  to  the  following  quantities  of  the  latter: 

14.243 
14.081 

14.153 
U.373 
14.324 


Mean,  14.235,  ±l  .036 

Shortly  after  the  appearance  of  Rose's  paper,  Mosander  J  published 
some  figures  gi\4ng  the  percentage  of  oxygen  in  titanium  dioxide,  from 
which  a  vahie  for  the  atomic  weight  of  titanium  was  deduced.  Although 
no  details  are  furnished  as  to  experimental  methods,  and  no  actual  weigh- 
ings are  given,  I  cite  his  percentages  for  whatever  they  may  be  worth  : 

40.814 
40.825 
40.610 
40.180 
40.107 
40.050 
40.780 
40.660 
39.830 

Mean,  40.428 

*  Gilbert's  Annalen,  1823,  67  and  129. 

t  Poggend.  Annalen,  15,  145.    Berr.  I^hrbuch,  3,  1210. 

X  Berz.  Jahresbericht,  10,  108.    18.^1. 
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These  figures,  with  O  =  15.879,  give  values  for  Ti  ranging  from  46.03 
to  47.98;  or,  in  mean,  Ti  —46.80.  They  are  not,  however,  sufficiently 
explicit  to  deserve  any  farther  consideration. 

In  1847  lisitlur  Pierre  miitie  puhlic  a  series  of  important  determina- 
tionB.*  Titanium  chlorkle,  free  from  silicon  and  from  iron,  yvtxs  pre- 
pared by  the  action  of  chlorine  upon  a  mixture  of  carhon  with  pure, 
artifieial  titanie  aeid.  This  chloride  was  weiglied  in  sealed  tubes,  thet^e 
werebniken  un*lor  water,  and  tlie  resulting  hydrochhnne  acid  waa  titralrd 
with  a  stiiudurd  *<olution  of  silver  after  the  method  of  Pelouzu.  1  suhjoin 
Pierre'8  weighings,  and  add,  in  a  third  column,  the  ratio  of  TiCI^  to  1<X> 
parts  of  silver: 


TiCl,. 

Aj^, 

Ratia. 

SaiS  gnn. 

1.84523  gnu. 

445-^0 

7740  ** 

1.73909  " 

44,506 

7775  " 

1. 74613  *• 

44527 

7160  " 

1.61219  *' 

44412 

8085  •* 

1.82344  " 

44.339 

,6325  - 

1.422JO  " 

44.470 

8*55  " 

I.8370S  ** 

44.392 

.8165  *' 

1.83899  '' 

44.399 

8065  " 

1.81965  •» 

4432^ 

Mean,  44.432,  ±,0173 

It  will  be  seen  that  the  first  three  oi  these  resulU  agree  well  with  each 
other  and  are  much  higher  than  the  remaining  six.  The  last  four  ex- 
periments were  made  purposely  with  tubes  which  had  been  previously 
opened,  in  order  to  determine  the  cause  of  the  discrepancy.  According 
to  Pierre,  the  oj)ening  of  a  tube  of  tiUinium  chloride  admits  a  trace  of 
atmospheric  moisture.  This  causes  a  deposit  *if  titanic  acitl  near  the 
mouth  of  the  tube,  and  liberates  hydrochloric  acid.  The  tatter  gas  being 
hea%'y,a  part  of  it  tails  hack  into  the  tuliisso  that  the  remaining  chloride 
is  richer  iti  cidorine  and  }ioorer  in  titanium  than  it  should  be.  Hence, 
upon  titration,  too  low  figures  for  the  atomic  weight  of  titanium  are 
obtained.  Pierre  accordingly  rejects  all  but  the  first  three  of  the  above 
estimations. 

The  memoir  of  Pierre  U|>on  the  atomic  weight  of  titanium  wa.s  soon 
followed  by  a  paper  fnm)  Demuly,  t  who  obtained  mncli  higlier  results. 
He  also  started  out  from  titanic  chloride,  which  was  pre[)areirfrom  rutile. 
The  latter  sul»stance  was  found  to  contain  1.8  percent,  of  silica;  whence 
Demoly  inferred  that  the  TiCl^  investigated  by  Koseand  Ijy  Pierre  might 
have  been  contaminated  with  SiCl^,  an  impurity  which  would  lower  the 
value  deduced  for  the  atomic  weight  under  consideration.  Accordingly, 
in  order  to  eliminate  all  such  possible  imimriti^,  this  process  waa  retoited 

•  Ann.  Chim.  Ptiy».  (i),  »,  957, 

f  Ann.  Ch«tn.  Phartn.,  71, 114.    1849. 
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to:  the  chloride,  after  rectification  over  mercury  and  potassium,  was 
aclL'd  upon  l)y  dry  ammoniaj  whereupon  the  compound  TiC],»4NHj  was 
deposited  as  a  wliite  powden  This  wa^s  ignited  in  dry  ammonia  gaa,  and 
the  residue,  by  means  of  chlorine,  was  reconverted  into  titanic  chloride, 
wliich  was  again  re[*eatedly  rectified  over  mercury,  potassiimi,  and  po- 
tassium lunaltiam.  Tlie  product  boiled  steadily  at  135°.  This  chluride, 
after  wei^hin*:  in  a  glass  bulb,  was  decomposed  by  water,  the  titanic  acid 
was  precipitated  by  amnjonia,  and  the  chlorine  was  estimated  in  the 
filtrate  as  silver  chloride.  Three  analyses  were  performed,  yielding  the 
followinj,^  results.     I  give  the  actual  weighings: 

1.470  grm.  TiCl^  gave  4.241  grm.  AgCl  and  .565  i^rin,  TiOj 
2.330  **  6.752  '*  .Soi  '• 

2.&80  '*  8.330  ''  i.oSS 


The  *'.801  '■  in  the  last  column  is  certainly  a  misprint  for  .901 .    Assum- 
ing tliis  correction,  the  results  may  be  given  in  three  ratios,  thus: 


PtrcenL  TiO^/rom  TiC/y 

3«669 

57.778 


Mc»n,  38*294,  ±.180 


34.662 
34*508 
34.574 


34.58i»  ±  .030 


TiOf :  iooAgCi, 
13-322 

13*344 
13.061 


13.2421  ±*o^I 


These  three  ratios  give  throe  widely  divergent  values  for  the  atomic 
weight  of  titanium,  ranging  from  about  36  to  more  than  56,  the  latter 
figure  being  derived  from  the  ratio  between  AgCl  and  TiCl,.  This  value, 
56,  is  assumed  by  Demoly  to  be  the  best,  the  others  being  practically 
ignored. 

Upon  comparing  Demoly's  figures  with  those  obtained  by  Rose,  certain 
points  of  aimilarity  are  plainly  to  he  noted.  Both  sets  of  results  were 
reached  by  essentially  the  same  method,  and  in  both  the  discordance 
l>etwcen  the  percentages  of  titanic  acid  and  of  silver  chloride  is  glaring. 
This  discordance  can  rationally  be  accountetl  for  by  assuming  that  the 
titanic  chloride  was  in  neither  case  absolutely  what  it  purported  to  be; 
that,  in  brief,  it  must  have  contained  impurities,  such  for  example  as 
hydrochloric  acid,  as  shown  in  the  experiments  of  Pierre,  or  possibly 
tmces  of  oxychlorides.  Considerations  of  this  kind  also  throw  doubt 
upon  the  results  attainef^l  by  Pierre,  for  he  neglected  the  direct  estimation 
of  the  titanic  acid  altogether,  thus  leaving  us  without  means  for  correctly 
judging  as  to  the  character  of  his  material. 

In  1883*  Thorpe  published  a  series  of  experiments  upon  titanium 
tetrachloride,  determining  three  distinct  ratios  and  getting  sharply  con- 
cordant results.    The  first  ratio,  which  was  essentially  like  Pierre's,  by 


•  Berichlc  DcoUch.  Cbero,  GcscU.,  16.  3014.    1883. 
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m  with  water  and  titration  with 

silver,  was  in  deta 

TiCi,. 

^^. 

na, :  looAg, 

243275 

5.52797 

44.008 

S.42332 

12.32260 

44.015 

3.59601 

8. 1 7461 

44.000 

3.3«222 

7.52721 

44.003 

4.20093 

9.54679 

44.004 

5.68888 

12.92686 

• 

44.008 

5.65346 

12.85490 

43.979 

4.08247 

9.28305 

Mean, 

43.978 
.  43.999,  ±  .0032 

Pierre  found, 

,  44.432,  =t  .0073 
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General  mean,  44.017,  db  .0031 

The  second  ratio,  which  involved  the  weights  of  TiCl^  taken  in  the  last 
re  determinations  of  the  preceding  series,  included  the  weighing  of  the 
Iver  chloride  formed.  The  TiCl^  proportional  to  100  parts  of  AgCl  is 
▼en  in  a  third  column : 


na,. 

AgCL 

Ratio. 

3.3«222 

10.00235 

33.114 

4.«»93 

12.68762 

33.1 1 1 

5.68888 

17.17842 

33."7 

5.65346 

17.06703 

33.125 

4.08247 

12.32442 

Mean, 

33.125 

,  33. 1 '8,  It  .0019 

Rose  found, 

,33.156,^.019 

Demoly 

found, 

,  34.581,  rb  .030 

General  mean,  33.123,  ±:  .0019. 

In  the  third  series  the  chloride  was  decomposed  by  water,  and  after 
ipomtion  to  dryness  the  resulting  TiO^  was  strongly  ignited. 

rir/4.  TiO^.                      Percent,  TiO^. 

6.23398  2.62825  42.160 

8.96938  3.78335  42.181 

10.19853  4.30128  42.176 

6.56894  2.7701 1  42.170 

8.99981  3.79575  42.176 

8.32885  3  51 » 58  42.162 

Mean,  42.171,  d=  .0022 
Rose  found,  42.933,  it  .121 
Demoly  found,  38.294,  =fc  .180 


>«oit.tliewoik'« 


General  mean,  42.171,  4:  .0022 

I,  and  Demoly  practically  vanishes. 
the  three  ratios  now  give  closely 
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agreeing  values  for  the  atomic  weight  of  titanium.  The  cross  ratio, 
4AgCr:  TiO,  is  not  directly  given  by  either  of  Thorpe's  series ;  but  the 
data  furnished  by  Rose  and  Demoly  combine  into  a  general  mean  of 
4AgCl :  TiO, : :  100 :  13.980,  ±  .0303. 

Some  two  years  later  Thorpe  published  his  work  more  in  detail  *  and 
added  a  set  of  determinations,  like  those  made  upon  the  chloride,  in 
which  titanium  tetrabromide  was  studied.  Three  ratios  were  measured, 
as  was  the  case  with  the  chloride.  In  the  first,  the  bromide  was  decom- 
posed by  water  and  titrated  with  a  silver  solution. 

TiBr^.  Ag,  TiBr^ :  looAg, 

2.8S473S  3.34927  85.235 

3.120848  3.66122  85.241 

4.731 1 18  5.55097  85.230 

6.969075  8.17645  85.234 

6.678099  7.83493  85.234 

Mean,  85.235,  =b  .0027 

In  the  four  last  experiments  of  the  preceding  series,  the  silver  bromide 
formed  was  weighed.  The  third  column  gives  the  TiBr^  proportional  to 
100  parts  of  AgBr. 


TiBr,, 

AgBr, 

Ratio. 

3.120848 

6.375391 

48.951 

4.731 1 18 

9.663901 

48.957 

6.969075 

14.227716 

48.982 

6.678099 

13.639956 

48.959 

Mean,  48.962,  ±  .0049 

For  the  third  ratio  the  bromide  was  decomposed  by  water;  and  after 

evaporation  with  ammonia  the  residual  titanic  oxide  was  ignited  and 

weighed : 

TiBr^.  TiO^,  Percent.  TiO^. 

6.969730  I. 518722  21.790 

8.836783  1.923609  21.768 

9.096309  ».9795'3  21.762 

Mean,  21.773,  ±  .0062 

Ignoring  Mosander's  work  as  unavailable,  we  have  the  following  ratios 
to  consider : 

(I.)  4Ag  :  TiCl^  :  :  100  :  44.017,  i=  .0031 
(2.)  4AgCl  :  TiCl^  :  :  100  :  33.'23,  zh  .0019 
(3.)  4AgCl  :  TiO,  :  :  lOO  :  13.980,  ±  .0303 
(4.)  TiCl^  :  TiOj  ::  100  :  42.171,  =b  .0022 
(5.)  4Ag  :  TiBr^  :  :  100  :  85.235,  dr  .0027 
(6.)  4AgBr  :  TiBr^  :  :  100  :  48.962,  rh  .0049 
(7.)  TiBr^  :  TiO,  :  :  100  :  21.773,  ib  .0062 

•  Journ.  Chcra.  Soc.,  Feb.,  1885,  p.  108,  and  March,  p.  129. 
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These  are  to  be  computed  with — 

0  =  15.879,  zt  .0003  Br     =  79.344,  =b  .0062 

Ag  =  107. 108,  rh  .0031  AgCl  =  142.287,  zt  .0037 

a  =  35.179,  ±  .0048  AgBr  =  186.454.  ±  .0054 

For  the  molecular  weight  of  titanium  chloride  they  give  two  values: 

From  (I) Tia4=  188.583,  ±.0144 

From  (2) **     =  188.519,  ±  .0119 

General  mean TiCl^  =  188.545,  ±  .0092 

For  TiBr^  we  have — 

From  (5) TiBr^  =  365.174,  ±  .0157 

From  (6) **     =  365. 163,  db  .0380 

General  mean TiBr^  =  365. 172,  rh  .0145 

And  for  the  atomic  weight  of  titanium  five  values  are  calculable,  as 
fcUows: 

From  molecular  weight  of  TiCI^ Ti  =  47.829,  d=  .0213 

From  molecular  weight  of  TiBr^ **  =  47.796,  zt  .0260 

From  (3) **  =47.809.^.1725 

From  (4) *'  =  47.698,  ±  .0268 

From(7) "=47.738,^.0787 

General  mean Ti  =  47.786,  ±  .0138 

1^0  =  16,  this  becomes  Ti  =  48.150. 


GERMANIUM. 


fie  data  relative  to  the  atomic  weight  of  germanium  are  rather  scanty, 
[  *^e<lue  entirely  to  the  discoverer  of  the  element,  Winkler.*  The 
Iki^  ^^^^^^®  was  decomposed  by  sodium  carbonate,  mixed  with  a 
Ito^  5^^^  of  standard  silver  solution,  and  then  titrated  back  with 
\     ^^  sulpbocyanate.     The  data  given  are  as  follows : 

GeO^.  CI  Found.  Per  cent.  CI. 

.1067  .076112  66.177 

.1258  .083212  66.146 

.ms  .147136  66.188 

•^904  .192190  66.1S2 


Mean,  66.173 

933.    If  0  =  16,  Ge  =  72.481. 
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ZIRCONIUM. 

The  atomic  weight  of  zirconium  has  been  determuied  by  Berzelius, 
Hermann,  Marigoac,  Weibull,  and  Bailey.  Berzelius*  ignited  the 
neutral  sulphate^  and  thus  ascertained  the  ratio  in  it  between  the  ZrO, 
and  the  SO,.  Putting  SO,  at  100,  he  gives  the  following  proportional 
quantities  of  ZrO^, : 

75-84 
75.92 
75.80 
75.74 
75.97 
75^85 


Mean,  75'855i  ±  .023 

This  gives  43,134,  =t  ,0142  as  the  percentage  of  zirconia  in  the  sulphate. 

Hermann's  t  estimate  of  the  atomic  weight  of  zirconium  was  based 
upon  analyses  of  the  chloride,  concerning  which  he  gives  no  details  nor 
weighings.  From  sublimed  zirconium  chloride  he  find??  Zr  =  831  ♦H, 
when  0  =  100;  and  from  two  lots  of  the  basic  chloride  2ZrOClj,9H,0, 
Zr  =  835,fr5  and  85L40  respectively.  The  mean  of  all  three  is  839,62 ; 
whence,  with  modern  formulae  and  O  =  15.879,  Zr  becomes  =  88.882. 

Marignac's  results  J  were  obtained  by  analyzing  the  double  fluoride  of 
zirconium  and  potassium.     His  weigiits  are  aa  follows : 

l.ooogrm.  gave  .431  gnu.  ZrO,  and  ,613  grm,  K^SO,, 
a.ooo         '*        .864  "  1.232 

.654         •*        .282  **  .399         '• 

5.cx)o         '•      2.169  »*  3078  •* 

These  figures  give  us  three  ratios.  A,  the  ZrO^  from  1(K)  jmrts  of  salt; 
B,  the  KjSO,  from  IDU  parts  of  salt ;  and  C\  the  ZrO,  proportional  to  lOU 
parts  of  K^SO^ : 


A, 

B. 

c. 

43. 

,100 

61,300 

70.310 

43. 

200 

6t.6oo 

70.»30 

43- 

119 

61.000 

70.677 

43. 

380 

61.560 

70.468 

Mean,  43-20o,  ±  .043      Mtan,  61.365,  rt  .094       Mean,  70.396,  ±  079. 

Weibull,§  following  Berzelius,  ignited  the  sulphate,  and  al,go  made  a 

^ — ' —  < 

•  Pof^geud.  Annal ,  4<  "6.    1825. 

t  Jourti.  n\r  Prakl.  Chem.,  31,  77.    Berz.  Jahresb.^  35,  147^ 

t  Ann.  Chini.  Phy*.  (3).  60,  370.     i860, 
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imiUrsetof  experiments  with  the  selenate  of  zirconium,  obtaining  re- 
oltfl  as  follows : 

SulphaU,     ZriSO^)r 


"5499  gnn. 

salt 

gave 

.6684  ZrO,. 

43.126  percent 

1.5445 

.6665    •• 

43.153      " 

2.1683 

.9360    - 

43.168      - 

1.0840 

.4670    " 

43.081       ** 

.7913 

.3422    " 

43.321       " 

.6251 

.2695    '• 

43.  "3      •' 

.4704 

.2027    '* 

Mean 

43.091       •' 

,43.150,^.020 

SeUnate,    Zr{SeO^^ 

1. 0212  grm. 

salt 

gave 

.3323  ZrO,. 

32.540  per  cent 

.8418 

t< 

.2744     " 

32.597       '* 

.6035 

ft 

.1964     ** 

32.544       " 

.8793 

t( 

.2870     " 

32.640       ♦• 

.3089 

«( 

.1003     ♦* 

32.470      " 

Mean,  32.558,  ±  .0192 

Bwley  *  also  ignited  the  sulphate,  after  careful  investigation  of  his 
iterial,  and  of  the  conditions  needful  to  ensure  success.  He  found  that 
J  salt  was  perfectly  stable  at  400**,  while  every  trace  of  free  sulphuric 
id  was  expelled  at  350**.  The  chief  difficulty  in  the  process  arises  from 
e  fiict  that  the  zirconia  produced  by  the  ignition  is  very  light,  and 
sily  carried  off  mechanically,  so  that  the  percentage  found  is  likely  to 
too  low.  This  difficulty  was  avoided  by  the  use  of  a  double  crucible, 
e  aater  one  retaining  particles  of  zirconia  which  otherwise  might  be 
?t.   The  results,  corrected  for  buoyancy  of  the  air,  are  as  follows  : 


2.02357  salt  gave 

.87785  ZrOj.                  43.381  per  cent. 

2.6185           " 

1.1354 

43360      " 

2.27709         " 

.98713 

43350      " 

2.21645 

.96152 

43.385      " 

'.75358 

.76107 

43.402      " 

1.64065 

.7120 

43.397      •' 

2.33255 

1.01143 

43.361      " 

1. 81 105         ** 

.78485 

43.337      " 

Mean,  43  372,  ±.0056 

nbined  with  previous  det 

erminations,  gives — 

Benelins 



43.»34.  ±  .0142 

WeOmU 

43. 1 50,  —  .0207 

iW^jr 

• 
« • « 

43.372,  rh  .0056 

Gca«fel» 

....43.3«7,  ±.0051 

60b3su 


)8 
Yot 
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,ui^t\6 


Oie*^ 
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TIN. 

He^mic  weight  of  tin  has  been  determined  by  meiins  of  the  oxide, 
bromide,  the  gulphide,  and  the  stamiichlorides  of  potas- 
'niuni. 
The  campositian  of  stannic  oxide  has  been  fixed  in  two  ways:  by 
I  from  the  metal  and  by  reduction  in  hydrogen.  For  the  first 
ttMChod  we  may  consider  the  work  of  Berzelius,  Mulder  and  Vlaanderen, 
l>«mw,  Van  dcr  Plaats,  and  Bongartz  and  Classen, 

JiuB^  oxidiated  100  parts  of  tin  by  nitric  acid,  and  found  that 
I  of  SnOj  were  formed, 
hie  work  done  by  Mulder  and  Vlaunderenf  was  done  in  connection 
I  %  long  invt!s8tig)ition  into  the  con j position  of  Banca  tin,  which  was 
u\  Xo  hi*  tthtumt  alvsolutely  pure.  For  the  atomic  weight  detennina- 
ihowever,  really  |>uro  tin  wjis  taken  prepared  from  pure  tin  oxide, 
etal  wai*  oxidized  by  nitric  .leid,  witli  the  followiiiir  resotts.  UK) 
\  of  tin  gave  of  SnO, ; 

127.50—  Mulder, 
127,56 — Vlaanderen. 
117,43 — Vlaamlcrcn. 

Mcftti,  127.517.  ^  *^^9 


I J  oxidized  [kure  tin  by  nitric  acid  in  a  flask  of  glass.    The  re- 
I  BnOy  wan  wtn^ngly  i^nitoil,  firyt  in  the  flask  and  afterwards  in 
Hh  wciKhings,  reduced  to  the  foregoing];  st^indtird,  give  for 
nfiilefrom  1(X)  parte  of  tin  the  amounts  stated  in  the  third  column : 


uauio. 


1**443  6'"»*  Sii  gave  15.820  grra.  SnO,. 
15,976  *'  20.301 


127.14 

127,07 


Mean,  117. 105^  4:  ,024 


'  In  an  inv«stigalion  later  than  that  previously  cited,  Vlaanderen§ 
I  tlijit  whea  tin  was  oxidized  in  glass  or  porcelain  vessels,  and  the 
■   lilted  in  them,  tracea  of  nitric  acid  were  retained, 
t  hand,  the  oxide  wa^  strongly  heated  in  platinum, 
tt^Uilw  was  perceptibly  attacked,  so  much  so  as  to  render  the  results 
"    :'    ntfore,  in  order  to  fix  the  atomic  weight  of  tin,  reduced 
_  it  in  a  porcelain  boat  in  a  stream  of  hydrogen.    Two 
ve  c^n  =  118.08,  and  Sn  =  118.24.    These,  when  O  =  lf>, 
■ed  to  the  above  common  standard, 


1^9. 


3M  THW   ATOHH!    WKUxBTS. 

137.064. 


SiemB;£27.ai2;  :^  .012 

Vja  iaf  PnaiH*  prepared  pure  stannic  oxide  firom  East  lodi 

TBaaca  .  xoii  upoa  the  maoprfal  obtained  made  two  aeries  of  expeiii 

one  hj  redixcsion.  and  'ine  by-  oxidacioa.    The  results,  with  n 

weiehoa.  are  3»  lillows.  che  cttio  betwe»L  Sn  and  SnO,  appearing 

chtni  eoumm : 

Qjiuialium  Series. 


g.375ti  3^m.  tin  ^ps^  i^2t^  saOj. 

127091 

L^ri5^             *             Ld.iJ»5     " 

127.114 

ii.4-a:E            "            a^rwr    " 

127.093 

5.2DK5  jniL  5«X  |5«^  4.5200  tm. 

127.114 

4.^7»              '^              j^*M5   *• 

»27.xi7 

j^Sxl^y                                          i.^JU7S     '■ 

127.086 

^•»i5             "             ^1553  " 

127.096 

yUan  <d  bath  sens  as  oae,  127. 102,  ±  .oo|3 

The  retlacti'Xt*  were  edtected  ia  a  poredain  crucible. 

Bontzartz  and  CLkssea^  porided  tin  by  electrolysis,  and  oxidi 
electfol  vtic  metal  bj  meant?  oi  nicrie  acid.  The  oxide  found  wi 
over  a  water-bath,  then  heat^  over  a  weak  flame,  and  Anally  igi 
sereral  hours  in  a  ga;*-muffle.  Some  reduction  experiments  gav« 
which  were  too  low.  The  oxidation  series  was  as  follows,  with  tl 
ratio  added  br  me  in  a  third  column : 


Sm. 

SmO^ 

Ratio, 

2.5673 

3.2570 

126.865 

3^8414 

4^8729 

126.852 

7332* 

9-2994 

136.831 

54367 

6.S962 

126.845 

73321 

9-29^ 

126.831 

9.8306 

12.4785 

"6.935 

11.2424 

14,2665 

126.896 

5.5719 

7.06S5 

126.860 

9.8252 

12.4713 

126.932 

4-3959 

5-5795 

126.925 

6.3400 

8.0440 

126.877 

Mean,  126.877,^.0 

We  now  have  six  series  of  experiments  showing  the  amount 
formed  from  ICK)  parts  of  tin.  To  Berzelius'  single  determination 
assigned  the  weight  of  one  experiment  in  Mulder  and  Maai 
series : 

*  Compt.  Rend.,  100,  52     1885. 

fBcrichte  DeuUch.  Chem.  Gesell.,  ai,  a9oa 
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Berzelius 127.200,  zh  .041 

Mulder  and  Vlaanderen •. .  127.517,  d=  .029 

Dnmas » 127. 105,  db  ,024 

VUaiideren 127.082,  ±  .012 

Vtn  dcr  PlamU 127. 102,  zt  .0033 

Bongaru  and  Classen 126.877,  =b  .0080 

General  mean 127.076,  ±  .0026 

in  the  paper  previously  quoted,  also  gives  the  results  of  some 
its  with  stannic  chloride,  SnCl^.  This  was  titrated  with  a  sola- 
ining  a  known  weight  of  silver.  From  the  weighings  given, 
o(  silver  correspond  to  the  quantities  of  SnCl^  named  in  the 
mn: 

1.839  g"°«  SnCl^  =■  3.054  gnn.  Ag.  60.216 

2.665  *•  4.427         "  60.199 

Mean,  60.207,  dir  .006 

abromide  and  the  stannichlorides  of  potassium  and  ammonium 
Jtudied  by  Bongartz  and  Classen ;  who,  in  each  compound, 
purified,  determined  the  tin  electrolytically.  The  data  given 
0W8,  the  percentage  columns  being  added  by  myself: 

Tin  Tetrabromide, 

SnBr^  Taken.  Sn  Found,  Percent.  Sfi, 

8.5781  2.3270  27.127 

9.5850  2.6000  27.126 

9-9«89  2.7115  27.145 

10.4914  2.8445  27.113 

16.8620  4.5735  27.123 

16.6752  4.5236  27.119 

11.1086  3.o>25  27.116 

10.6356  2.8840  27.113 

11.0871  3.0060  27.123 

19.5167  5.2935'  27.128 

Mean,  27.123,  rh  .0020 

Potassium  Stannichloride. 

K^nCU.  Sn  Found.                   Per  cent.  Sn. 

2.5718  .7472  29.054 

2.2464  .6524  29.042 

9.3353  2.7100  29030 

12.1525  3.5285  29.035 

12.4223  3.6070  29.036 

15.0870  4.3812  29.040 

10.4465  l.OT^lO  29.034 

18.9377  5.5029  29.058 

18.4743  53630  29.029 

17.6432  5. '244  29.045 

Mean,  29.040,  d!=  .0021 
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Ammonium  Stannicfdoride, 


Am^nCl^. 

Sn  Found, 

Per  cent,  Sn. 

1.6448 

.5328 

32.393 

1.8984 

.6141 

32.347 

2.0445 

.6620 

32.381 

2.0654 

.6690 

32.391 

2.0058 

.6496 

32.386 

2.4389 

.7895 

32.371 

4.0970 

1.3254 

32.351 

3.4202 

1. 1078 

32.390 

3.6588 

I. 1836 

32.349 

1.5784 

.5108 

32.362 

7.3248 

2.3710 

32.370 

13.1460 

4.2528 

32.351 

11.9483 

3.8650 

32.348 

18.4747 

5.9788 

32.362 

18.6635 

6.0415 

32.371 

17.8894 

5.7923 

32.378 
Mean,  32.36^,  ±.< 

One  other  method  of  determination  for  the  atomic  weight  oj 
employed  by  Bongartz  and  Classen.  Electrolytic  tin  was  convi 
sulphide,  and  the  sulphur  so  taken  up  was  oxidized  by  means  of  1 
peroxide,  by  Classen's  method,  and  weighed  as  barium  sulphf 
results,  as  given  by  the  authors,  are  subjoined : 

Sn  Taken,  Per  cent,  of  S  Gained. 

2.6285  53.91 

.7495  53.87 

1.4785  53.94 

2.5690  53.94 

2. '765  53.85 

1.3245  53.88 

•9897  53.83 

2.7160  ,  53.86 

Mean,  53.885,  =b  .009I 

This  percentage  of  sulphur,  however,  was  computed  from  \ 
of  barium  sulphate.  What  values  were  assigned  to  the  atomi 
of  barium  and  sulphur  is  not  stated,  but  as  Meyer  and  Seuber 
are  used  for  other  elements  throughout  this  paper,  we  may  aas 
they  apply  here  also.  Putting  O  =  15.96,  S  =  31.98,  and  Ba 
the  53.885  per  cent,  of  sulphur  becomes  392.056,  dz  .0713  of  B 
compound  actually  weighed.     This  gives  us  the  ratio— 

Sn  :  2BaSO^  :  :  loo  :  392.056,  =h  .0713 

as  the  real  result  of  the  experiments,  from  which,  with  the  hti 
for  Ba,  S,  and  0,  the  atomic  weight  of  tin  may  be  calculate' 
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We  now  have,  for  tin,  the  following  available  ratios : 

(l.)  Sn  :  SnO,  :  :  lOO  :  127.076,  d=  .0026 

(2.)  4Ag  :  SnCI^  :  :  100  :  60.207,  =b  .0060 

(3.)  Percentage  of  tin  in  SnBr^,  27.123,  rfc  .0020 

(4.)  Percentage  of  tin  in  K,SnCl„  29.040,  i  ,0021. 

(5.)  Percentage  of  tin  in  Am,SnCI„  32.369,  i  .0088  * 

(6.)  Sn  :  2BaS04  :  :  100  :  392.056,  db  .0713 

The  antecedent  values  are — 

O   =   15.879,41.0003  K=  38.817,^.0051 

Ag  =  107.108,  zt  .0031  N  =  13-935,  i:  -0021 

CI  =  35179,^.0048  S  =  31.828,  d=  .0015 

Br  =  79.344,  =b  .0062  Ba  =  136.392,  d=  .0086 

With  these,  six  independent  values  for  Sn  are  computable,  as  follows : 

From  (i) Sn  =  117.292,  i  .0115 


From  (2) . 
From  (3) . 
From  (4). 
From  (5). 
From  (6). 


=  117.230,  ±  -0331 
=  1 18.120,  dz  .0131 
=  118.152,  zfc.0155 
=  1 18. 190,  ±  .0382 
=  118.216,  dt  .0220 


General  mean Sn  =  1 17.805,  zh  .0069 

If  0  =  16.  Sn  =  118.701. 

If  we  reject  the  first  two  of  these  values,  which  include  all  of  the  older 
work,  and  take  only  the  last  four,  which  represent  the  concordant  results 
of  Bongartz  and  Classen,  the  general  mean  becomes — 

Sn  =  1 18. 150,  d=  .0089 

Or,  with  O  =  16,  Sn  =  119.050.  This  mean  I  regard  as  having  higher 
probability  than  the  other. 

A  single  detennination  of  the  atomic  weight  of  tin,  made  by  Schmidt,* 
ought  not  to  be  overlooked,  although  it  was  only  incidental  to  his  research 
upon  tin  sulphide.  In  one  experiment,  0.5243  grm.  Sn  gave  0.6659  SnO.^. 
Hence,  with  O  =  16,  Sn  =  118.49.  This  lies  about  midway  between  the 
two  sets  of  values  already  computed. 


♦  Berichte,  27,  2743.     ^894. 
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The  atomic  weight  of  tliorium  hiis  been  determined  from  analyses  of 
the  sulphate,  oxalate^  fortiiate,  and  acetate,  with  widely  varying  results. 
The  earliest  figures  are  due  to  Berzelius,*  who  worked  with  the  sulphate^ 
and  with  the  douhie  sulphate  of  potiisaiuni  and  thorium.  The  thoria 
wiiH  precipitated  hy  ammonia^  and  the  sulphuric  acid  was  estimated  as 
I  BaSO^.  The  8iil|d^ate  ^^ave  the  following  ratios  in  two  experiments.  The 
[third  column  reproaenta  the  weight  of  ThO^  proportional  to  100  parts  of 
[BaSO^ : 

.6754  grm,  ThO,  =  1,159  grm.  BaSO,.         Riitio,  58.274 
1.0515  "  I.SJ2  **  **       57.396 

The  double  jiotassium  sulphate  gave  .265  gnn.  ThO,^,  .156  grm.  SOj, 
[and  .3435  K^BO^.     The  SO^,  with  the  Berzelian  atomic  weight'?,  repre- 
sents .45o7  grm.  BaSO^.     Hence  100  BaSO,  in  equivalent  to  58.408  ThO,. 
This  figure,  combined  with  the  two  previous  values  for  the  same  ratio. 
J'gives  a  mean  of  58.026,  ±1 .214. 

Fro'm  tlie  ratio  between  the  K^SO,  and  the  ThO,  in  the  douhie  aul- 
pliate,  ThO,  =  206.895. 

In  1861  new  determinations  were  published  by  Chydenius^t  whose 
memoir  is  accessible  to  me  only  in  an  abstract!  which  gives  results  with- 
out details.     Thoria  is  regar<led  as  a  inonoxide/rhO.and  the  old  equiv- 
I  alents  (O  =  8)  are  u?^ed.     The  following  values  are  aaaigned  for  the 
molecular  weight  of  ThO,  as  found  from  analyses  of  several  salts : 


Ftvm  Sulphate, 

66.33 
67.13 

67.75 
6S.03 


From  K.  Th.  Sulphait, 


From  Acetate. 


Mean,  67.252»  :t  .201 

From  Fortnate. 
6806 
67,89 
68.94 


From  Oxalate. 

65.87  \  Two  results 
65.95  ]    *>y  l*errm. 


Mean»  68.297^  dr  .JI9 


Mean,  67.326,  d=  .201 


Mean,  65,85^  rfh.iaj 


•  Pof  gend.  Anuat.,  i&,  398.    18 ag.    l^ehrbuch,  1,  iti^ 
t  KcmUk  undcrBiUktiitig  af  Thorjord  och  Thoraatter. 
tation. 
X  Po^geud.  AftnaL,  tt%  55.    1B63. 


HelainsrorB,  iS6t.    An  aeadenilc  disser- 
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nay  fiurly  assume  that  these  figures  were  calculated  with  0  =  8, 
and  S  =  16.  Correcting  by  the  values  for  these  elements  which 
sen  found  in  previous  chapters,  ThO,  becomes  as  follows : 

From  sulphate ThO,  =  267.170,  db  .795© 

From  aceute "     =  267.488,  d=  .795o 

From  fonnate '*     =271.239,^.8698 

From  oxalate "     =261.478,^.4884 


General  mean ThO,  =  265.103,  rb  .3394 

single  result  from  the  double  potassium  sulphate  is  included  with 
imn  from  the  ordinary  sulphate,  and  the  influence  of  the  atomic 
of  potassium  is  ignored. 

lenius  was  soon  followed  by  Marc  Delafontaine,  whose  researches 
jd  in  1863.*  This  chemist  especially  studied  thorium  sulphate ; 
in  its  most  hydrous  form,  partly  as  thrown  down  by  boiling.  In 
)r9H,0,  the  following  percentages  of  ThO,  were  found : 

45.08 
44.90 
45.06 

45.2« 
45.06 

Mean,  45.062,  rb  .0332 

lower  hydrate,  2Th(SOj2.9H,0,  was  more  thoroughly  investi- 
The  thoria  was  estimated  in  two  ways :  First  (A),  by  precipita- 
§  oxalate  and  subsequent  ignition ;  second  (B),  by  direct  calcination, 
percentages  of  ThO,  were  found  : 

52.83 1 


52.52 

A. 

52.72 

52.I3J 

52.47 

52.49 

52.53 

52.13 

52.13 
52.43 

B. 

52.60 

52.40 

52.96 

52.82  J 

Mean,  52.511 

,  rh  .047 

'  ^tree  experiments  with  this  lower  hydrate  the  sulphuric  acid  was 
estimated,  being  thrown  down  as  barium  sulphate  after  removal  of 


•Arch.  Sci.  Phys.  ct  Nat.  (2),  18.  343. 
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1.2425  grm,  gave  .400  SO,. 
1. 138  **  .366    •' 

.734  *'  .2306  " 


{ 1. 1656  grm,  BjiiSOj.) 
(1,0665  **  ) 

(  .6720  •*  ) 


Thf  titxures  in  parentheses  are  reproduced  by  myself  from  Delafoii- 
taine^s  results,  he  having  calculated  his  tiiialyt^ea  with  O  =  li)O^S  ^  200, 
and  Ba  -=  857*  These  data  imiy  lie  reduced  to  a  common  standard,  so 
as  to  reprej^ent  the  quantity  of  2Th(SOJj.9H^O,  equivalent  to  100  parts 
of  BaSO^,     We  tlieu  have  the  following  results  : 


106,597 
106.704 
109.226 


Mean»  107,509,  ±  ,585 


Ebelafontaine  was  soon  followed  by  Hermann  *  who  published  a  single 
analysis  of  the  lower  hyilratecl  sulphrtti*.  as  follows: 
ThO, 5 
^  SO, ,.., 3 
■  H,0 ^ 
P 

Hence,  from  the  ratio  between  SO^  and  ThO,,  ThO,  =  262.286,    Proli- 

ably  the  SOj  percentage  was  loss  upon  calcination. 

Both  Hermann's  results  and  those  of  Delafontaine  are  affected  by  one 
serious  doubt,  namely,  jus  to  the  true  composition  of  the  lower  hydrated 
sulphate.  The  latest  and  best  evidence  seems  to  establish  the  fact  that 
it  cont:iins  four  molecules  of  water  instead  of  four  and  a  half,t  a  fact 
which  tends  tu  luwer  the  rasuUing  atomic  weight  of  thorium  consid- 
erably. In  the  final  discussion  of  these  data,  therefore,  the  formula 
Th(80j),..4IIjO  will  be  adopted.  As  for  Herman n*8  single  analysis,  his 
percentage  of  ThO.^,  52.87,  may  bo  included  in  one  series  with  Delafon- 
taine's,  i^ivint:  a  mean  of  52,535,  ^z  .0473, 

The  nextdeterirunations  to  consider  are  those  of  Cleve.J  whose  results, 
obtained  from  botli  the  sulphate  and  the  oxalate  of  thorium,  agree  ad- 
mirably. The  anhydrous  sulphate,  calcined,  gave  the  subjoined  per- 
centages of  tlioria : 

62.442 

62,477 

62.430 

62.470 

62.357 
62,366 

Mean,  62,423.  dt  .014 

•  Jouru,  fur  PmkL  Chcm.,  93,  114. 

tS<'C  Hillebrand.  Bull<  90,  U,  S.  Gcol  Survey*  p.  29. 

t  K.  Sveimlui  VeL  A  lead.  Handliiii^,,  &d.  1,  No,  6»  1874, 
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5  oxalate  was  subjected  to  a  combustion  analysis,  whereby  both 
land  carbonic  acid  could  be  estimated.  From  the  direct  percentages 
ese  constituents  no  accurate  value  can  be  deduced,  there  having 
abtedly  been  moisture  in  the  material  studied.  From  the  ratio 
«n  COj  and  ThO„  however,  good  results  are  attainable.  This  ratio 
in  a  fourth  column,  making  the  thoria  proportional  to  100  parts  of 
n  dioxide : 


Oxalate. 

ThO^. 

CO^ 

Ratio. 

I.7i35grm. 

1.01S9  grm. 

.6736  grm. 

151.262 

1.3800     '♦ 

.8210     " 

.5433     " 

151. 114 

1.1850     " 

.7030     " 

.4650     " 

151. 183 

1.0755     ** 

.6398     *' 

.4240     " 

150.896 

Mean,  151. 1 14,  ifc  .053 

1882.  Nilson's  determinations  appeared.*  This  chemist  studied 
the  anhydrous  sulphate,  and  the  salt  with  nine  molecules  of  water, 
I  the  usual  calcination  method,  but  guarding  especially  against  the 
oscopic  character  of  the  dry  Th  (SOJ,  and  the  calcined  ThO,.  The 
rated  sulphate  gave  results  as  follows : 


n(S0,)r9^,0, 

TAO^. 

Percent.  ThO^, 

2.0549 

.9267 

45.097 

2.1323 

.9615 

45.092 

3.0017 

1.3532 

45.081 

2.7137 

1.2235 

45.086 

2.6280 

I. 1849 

45.088 

1.9479 

.8785 

Mean, 

45.099 

,45.091,  ±.0019 

Delafontaine  found. 

,  45.062,  dr  .0332 

General  mean,  45.090,  d=  .0019 

Hie  anhydrous  sulphate  gave  data  as  follows : 

Th[;SO^r  ThO.,.  Percent.  ThO^. 

1.4467  .9013  62.300 

1.6970  1.0572  62.298 

2.0896  1. 3017  62.294 

1. 5710  .9787  62.298 

Mean,  62.297,  i:  .0009 

"^le  last  four  determinations  appear  again  in  a  paper  published  five 
^JS  later  by  Kriiss  and  Nilson,t  who,  however,  give  four  more  made 

•Ber.  DeuUch.  Chem.  Oesell.,  15,  2519.    1882. 
fBcr.  DeutBch.  Chem.  Gesell.,  20.  1665.    1887. 
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upon  material  obtained  from  a  different  sooioeL    The  new  data  tie  % 
joined : 


TAiSO,),, 

TkOr^ 

Fer€emL  TkO^ 

1. 1630 

.7245 

62.296 

.8607 

.5362 

62.298 

1.5417 

.9605 

62.301 

1. 5217 

•9479 

MOB 

62.292 
,  62.297,  i. 0013 

• 

Nikon' 

s  series 

,  62.297,  db  .0009 

62.423,  dt  .0140 

Genenl  bmsb,  62^298,  ±:  .0007 

From  Chydenius'  work  we  have  foor  values  for  ttie  molecolar  wcf^ 
of  thoria,  which,  combined  as  usual,  give  a  general  mean  of  ThO^: 
265.103,  dz  .3394.    We  also  have  the  following  ratios : 

(I.)  2BaS04  :  ThO,  :  :  100  :  58.026,  ±  .214 

(2.)  2BaS04  :  Th(S04V4H,0  :  :  100  :  107.509,  d=  .585 

(3)  4CO,  :  ThO,  :  :  100  :  I5I.II4»  ±  .053 

(4.)  Percentage  of  ThO,  in  Th(S04V9H,0,  45.090,  dr  .0019 

(5.)  Percentage  of  ThO,  in  Th(S0J,.4H,0,  52.535,  i  .0473 

(6.)   Percentage  of  ThO,  in  Th(S04>,.62.298,  dr  .0007 

Reducing  with  the  following  data,  seven  values  for  the  atomic  weif 
of  thoria  are  calculable : 

O  =  15.879,  ±  .0003  C  =  11.920,  rt  .0004 

S  =  31.828,  dr  .0015  Ba  =  136.392,  ±i  .0086 

The  values  for  ThO,  are— 

Chydenios'  determinations ThO,  =  265.103,  ±    .3394 


From  (i). 
From  (2) 
From  (3) 
From  (4) . 
From  (5). 
From  (6) . 


=  268.937,  d=  .9919 
=  268.021,  ±2.7115 
=  264.120,  dr  .0927 
=  262.641,  ±  .0149 
=  255.061,  zfc  .3426 
=  262.613,  db    .0081 


General  mean ThO,  =  262.626,  dr    .0071 


Hence  Th  =  230.868,  d:  .0071. 
If  0  =  16,  Th=  232.626. 
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The  material  from  which  we  are  to  calculate  the  atomic  weight  of 
phojiphorus  is  by  no  means  abundant.  Berzelius,  in  his  Lehrbuch  * 
•ddua's  only  his  own  experiments  upon  the  precipitation  of  gold  by 
phiwphorus,  and  ignores  all  the  earlier  work  relating  to  the  composition 
of  the  phosphates.  These  experiments  have  been  considered  with  refer- 
ence to  gold. 

Pelouze,t  in  a  single  titration  of  phosphorus  trichloride  with  a  stand- 
tnl  solution  of  silver,  obtained  a  wholly  erroneous  result;  and  Jacque- 
kin,J  in  his  similar  experiments,  did  even  worse.  Schrotter's  criticism 
«pon  Jacquelain  suflSciently  disposes  of  the  latter.  § 

Only  the  determinations  made  by  Schrotter,  Dumas,  and  Van  der 
FUatB  remain  to  be  considered. 

ikhriitterll  burned  pure  amorphous  phosphorus  in  dry  oxygen,  and 
weighed  the  pentoxide  thus  formed.     One  gramme  of  P  yielded  Vfi^  in 

the  following  proportions : 

2.28909 
2.28783 
2.29300 
2.28831 
2. 29040 
2.28788 
2.28848 
2.28856 
2.28959 
2.28872 

Mean,  2.289186,  d=  .00033 

Wuiuas^f  prepared  pure  phosphorus  trichloride  by  the  action  of  dry 
chlorine  upon  red  phosphorus.  The  portion  used  in  his  experiments 
Iwiied  between  7f>°  and  78°.  This  was  titrated  with  a  standard  solution 
w  silver  in  the  usual  manner.  Dumas  publishes  weights,  from  which  I 
*lculatethe  figures  given  in  the  third  column,  representing  the  quantity 
of  trichloride  proportional  to  100  parts  of  silver  : 


1.787  grm.  PCI, 

=34.2081 

;rm. 

Ag. 

42.4667 

1.466 

3.454 

(( 

42.4435 

2.056           " 

4.844 

•* 

42.4443 

2.925 

6.890 

♦♦ 

42.4528 

3.220 

7.582 

Mean 

42.4690 
,  42.4553,  =t  .0036 

14 


•Sthcd..  118S. 

tCompt.  Rend.,  20,  1047. 

tCompt.  Rend.,  33,  693. 

i  Journ.  fflr  Prakt.  Chcra.,  57,  315. 

I  Journ.  fQr  Prakt.  Chera.,  53,  435.    1851. 

t  Ann.  Chem.  Pharm.,  113,  29.    i860. 
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By  Van  der  Plaats  *  three  methods  of  determination  were  I 
and  all  weights  were  reduced  to  vacuum  standards.  First,  d 
precipitated  from  a  solution  of  the  sulphate  by  means  of  pha 
The  latter  had  been  twice  distilled  in  a  current  of  nitrogen.  Tl 
before  weighing,  was  heated  to  redness.  The  phosphorus  equh 
100  parts  of  silver  is  given  in  the  third  column. 

.9096  grm.  P  gave  15.8865  Ag.  5.7256 

.5832  •'  10.1622    *'  5.7389 

Mean.  5.7322,  dr  .0045 

The  second  method  consisted  in  the  analysis  of  silver  phospb 
the  process  is  not  given.  Van  der  Plaats  states  that  it  is  diflto 
sure  of  the  purity  of  this  salt. 

6.6300  grm,  AgjPO^  gave  5.1250  Ag.  77.300  per  cent. 

12.7170  .  "  9.8335    **  77.326       " 

Mean,  77.3>3i  ±  -0088 

In  the  third  set  of  determinations,  yellow  phosphorus  was  o^ 
oxygen  at  reduced  pressure,  and  the  resulting  Pfi^  was  weighe 

10.8230  grm.  P  gave  24.7925  P^Oj.  Ratio,  2  29072 

7.7624  **  17-7915     **  **       2.29201 

As  these  figures  fall  within  the  range  of  Schrotter's,  they  maj 
aged  in  with  his  series,  the  entire  set  of  twelve  determinatioi 
a  mean  of  2.28955,  ±  .00032. 

From  the  following  ratios  an  equal  number  of  values  for  P  j 
be  computed : 

(I.)  2P  :  P3O5  :  :  I.O  :  2.28955,  ±:  .OOO32 

(2.)  3Ag  :  PCIg  :  :  100  :  42-4553,  =fc  .0036 

(3.)  5Ag  :  P  :  :  100  :  5.73".  :+:  .0045 

(4.)  AgjPO^  :  3Ag  :  :  100 :  77.3'3,  =t:  .0088 

Starting  with  0  =  15.879,  rb  .0003,  Ag  =  107.108,  ±  .0031,  a 
35.179,  ±  .0048,  we  have— 

From  (I) P  =  30.784,  d=  .0077 

From  (2) *•  =  30.882,  d=  .0189 

From  (3) **  =-  30.698,  rfc  .0241 

From  (4) "  z=  30.774,  ±  .0382 

General  mean P  =  30.789,  rfc  .0067 

If  0  =  16,  P  =  31.024. 

The  highest  of  these  figures  is  that  from  ratio  number  two,  n 
ing  the  work  of  Dumas.  This  is  possibly  due  to  the  preseno 
chloride,  in  traces,  in  the  trichloride  taken.  Such  an  impurity,  il 
would  tend  to  raise  the  apparent  atomic  weight  of  phosphoroA 

•Compt.  Rend.,  100,  5a.    1885. 
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VANADIUM. 

fM  dei«nnination  of  the  atomic  weight  of  vanadium  was  the  first 

iy  jidentifi*^  vahn*.     1'he  results  ohtained  by  Berxelius  *  and  hy 

ic7.f  were  utu|Ut\stion;il)ly  too  high,  the  error  being  probably 

tilth©  preseiice  of  phosphoric  acid  in  the  vanadic!  acid  employed. 

fpitrticalar  impurity,  as  Roscoe  hti-s  shown,  prevents  the  complete 
I  of  V/\  to  V,0,  by  means*  of  hydrogen.  All  vanadium  ores 
iiall  ijuaiititit'8  of  phos|ihorus,  which  can  only  be  detected  with 
am  mulybihiti,'— a  rHactioa  unknown  in  Berzdius'  time.     Fur- 

tion»,  the  complet4t  purification  of  vanadic  acid  from  all  traces  of 
ic  ^icid  i«  a  matter  of  jjreat  <liflieulty,  and  probably  never  was 
shed  until  Ho^^coc  undertook  his  researches. 

I  litB  lietermination  of  the  atomic  weight,  Roscoe  t  studied  two  com- 
irmi.  namely,  the  pentoxide,  V^O^,  and  the  oxychloride, 
;)ii>xide,  alinolutely  pure,  was  reduced  to  Vfi^  by  heating 

kydrogt^n,  with  Uie  following  re»ult^: 


;.T397  P«i*  V,C\  gAi^€  6.3827  grro.  V,0,. 
tjlH  **  5.4396 

S^ftiSo  "  41614       ♦* 

>I^Krni.  V/V  rcQxtdixcd,  gave 6.5814  grm,  V,0^ 


17.535  per  cent,  of  lo««. 

17.5^7 

17.4% 

'7.S»5 

17.501  per  cent  diflcrencc. 


Mean,  17 -509,  ±^  005 

a«ieeV- 50.95)3,  ±  .(>219. 

jCt^njtheoxychlonde,  \'0(.'l,,  two  series  of  experiments  were  made — 

^Tiilutnolrie,  the  rHher  ^'nivimelric.     In  the  volumetric  scries  the  com- 

Itu  titrated  with  HoIution«  containing  known  weights  of  silver, 

th%i\  h«>en  purifie*!   accDrdiug  to  the  methodic  recommended  by 

IRiMnnj  publishes  his  weighing^*,  and  givas  percentajjes  deduced 

«m;  his  fiiiures,  reduced  t**  a  common  standturd,  make  the  quan* 

•'^fVOci^  given  in  the  third  culumn  proportional  to  100  parts  of 

iJ^'T.  Ilr  ^^^  a^siii^ted  bv  two  amilvsts  : 


3^412  J  grm 

4*6840 

4«aiS$ 

.9«4J 
143P 


Analyst  A. 

VOCU  =4.5525  (.rra. 

8.7505 
7.8807         * 

70799 
1.7267 


Ag. 


ii,  14.  m\. 


!  Joiuu,  CU«m   &^^.  ^  f»];».  ^.«i>  »tid  y^    j66a. 
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Analyst  B. 

2.8530  grm.  VOCIj  =  5.2853  grm.  Ag.  53-980 

2.1252  "  3.9535         "  53.755 

1.4248  '*  2.6642         **  53.479 

Mean,  53.586,  ±  .019 

The  gravimetric  series,  of  course,  fixes  the  ratio  between  VO 
AgCl.  If  we  put  the  latter  at  100  parts,  the  proportion  of  V0( 
given  in  the  third  column : 

Analyst  A. 


1. 8521  grm. 

VOCI3  gave  4.5932  grm.  AgCl. 

40.323 

.7013 

1.7303 

40.531 

.7486 

1.8467         - 

40.537 

1.4408 

3.5719         '* 

40.337 

.9453 

2.3399 

40.399 

1.6183 

*'               4.0282         ** 
Analyst  B, 

40.174 

2.1936  grm. 

VOCIj  gave  5.4039  g™.  AgCl. 

40.391 

2.5054 

6.2118 

40.333 

Mean,  40.378,  di  .oaj 

These  two  series  give  us  two  values  for  the  molecular  weight  of 

From  volumetric  series . .   VOCl,  =  172. 185,  d=  .1254 

From  gravimetric  series "      =  172.358,  rfc  .1196 


General  mean. . .' VOCIj  =  172.277,  rfc  .0866 

Hence  V  =  50.881,  dz  .0877. 

Combining  the  two  values  for  V,  we  have : 

From  VOCI3 V  =  50.881,  db  .0877 

From  V,05 "  =  50.993,  dr  .0219 

General  mean V  =  50.986,  di  .0212 

If  0  =  16,  V  =  51.376.  Tliese  values  are  calculated  with  O  « 
±  .0003;  CI  =  35.179,  ±  .0048;  Ag  =  107.108,  ±  .0031,  and < 
142.287,  =t  .0037. 
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ARSENIC. 

For  the  determination  of  the  atomic  weight  of  arsenic  three  compounds 
have  been  studied — the  chloride,  the  trioxide,  and  sodium  pyroarsenate. 
The  bromide  may  also  be  considered,  since  it  was  analyzed  by  Wallace 
in  order  to  establish  the  atomic  weight  of  bromine.  His  series,  in  the 
light  of  more  recent  knowledge,  may  properly  be  inverted,  and  applied 
to  the  determination  of  arsenic. 

In  1826  Berzelius  *  heated  arsenic  trioxide  with  sulphur  in  such  a  way 
that  only  SO,  could  escape.  2.203  grammes  of  As^Oj,  thus  treated,  gave 
a  loss  of  1.069  of  SO,.     Hence  As  =  74.460. 

In  1845  Pelouzef  applied  his  method  of  titration  with  known  quan- 
tities of  pure  silver  to  the  analysis  of  the  trichloride  of  arsenic,  AsCl,. 
Using  the  old  Berzelian  atomic  weights,  and  putting  Ag  =  1349.01  and 
CI  =  443.2,  he  found  in  three  experiments  for  As  the  values  937.9, 937.1, 
and  937.4.     Hence  100  i>arts  of  silver  balance  the  following  quantities 

of  AsCl,: 

56.029 
56.009 
56.016 

Mean,  56.018,  zb  .004 

Later,  the  same  method  was  em})loyed  by  Dumas,!  whose  weighings, 
reduced  to  the  foregoing  standard,  give  the  following  results : 

4.298  grm.  ASCI3  =:  7.673  grm.  Ag.  Ratio,  56.OF5 

5.535  "            .9.880         -  '•  56.022 

7.660  "          13.686        "  ••  55-970 

4.680  "     •      8.358        *'  '•  55.993 


Mean,  56.000,  ih  .008 

The  two  ^.eries  of  Pelouze  and  Dumas,  combined,  give  a  general  mean 
of  56.014,  ±  .0085,  as  the  amount  of  AsC'lg  equivalent  to  100  parts  of 
silver.  Hence  As  =  74.450,  ±:  .019,  a  value  closely  agreeing  with  that 
deduced  from  the  .single  experiment  of  Berzelius. 

The  same  process  of  titration  with  silver  was  applied  by  Wallace  §  to 
the  analysis  of  arsenic  trihroniide,  AsBr,.  This  comjxmnd  was  repeatedly 
distilled  to  ensure  purity,  and  was  well  crystallized.  His  weighings 
show  that  the  quantities  of  bromide  iven  in  the  third  column  are  pro- 
portional to  100  parts  of  silver: 

8.3246  grm.  AsBr,  =  8.58  grm.  Ag.  97-023 

4.4368  ••  4.573        '•  97.022 

5.098  -  5.257        •'  96.970 

Mean,  97.005,  ±  .012 


*  PogRend.  Annalcn,  8,  1. 
tCompl.  Rend..  20,  1047. 
J  Ann.  Chim.  Phys.  (.^),  55,  174.     iS.sg. 
g  Phil.  Mag.  (4),  18.  270. 
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Hence  As  =  73.668,  ±  .0436.     Why  this  value  should  be  so 
lower  than  that  from  the  chloride  is  unexplained. 

The  volumetric  work  done  by  Kessler  *  for  the  purpose  of  estaUl 
the  atomic  weights  of  chromium  and  of  arsenic,  is  described] 
chromium  chapter.  In  that  investigation  the  amount  of  poll 
dichromate  required  to  oxidize  100  parts  of  As,0,  to  Aafi^  was  deUi 
and  compared  with  the  quantity  of  potassium  chlorate  necessary  1 
duce  the  same  effect.  From  the  molecular  weight  of  KC10|,1 
KjCr^O^  was  then  calculable. 

From  the  same  figures,  the  molecular  weights  of  KCIO,  and  of  E 
being  both  known,  that  of  As,0,  may  be  easily  determined.  The 
titles  of  the  other  compounds  proportional  to  100  parts  rf  Afl,fl^ 
follows : 

98.9s  41.156 

98.94  41.116 

99.17  41.200 

98.98  4«.255 

99.08  4I.20I 

99.15  41.086 

41.199 

Mean,  99.045,  ±.  .028  41.224 

41. 161 

4«.«93 
41.149 
41.126 

Mean,  41.172,  rb  .009 

Another  series  with  the  dichromate  gave  the  following  figures  s 

99.08 
99.06 
99.10 
98.97 
98.97 

Mean,  99.036,  d=  .019 
Previous  series,  99.045,  rb  .028 

General  mean,  99.039,  rb  .016 

Other  defective  series  are  given  to  illustrate  the  partial  oxidi 
the  AsjOj  by  the  action  of  the  air.  From  Kessle'r's  data  we  g 
values  for  the  molecular  weight  of  A 8,0,,  thus  : 

From  KCIO,  series As,0,  =  196.951,  ±  .0445 

From  KjCrjOy  series **      =  196.726,  ±  .0562 

General  mean ^^s  ^  '96-85 «,  dr  .0349 

And  As  =  74.607,  ±  .0175. 

*  Poggend  Annal.,  95,  204.    ifllss*    Also  1x3,  i;|4» 
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le  determinations  made  by  Hibbs*  are  based  upon  an  altogether 
rent  process  from  any  of  the  precedinsj  measurements.  Sodium 
Mwnate  was  heated  in  gaseous  hydrochloric  acid,  yielding  sodium 
ide.  The  latter  was  perfectly  white,  completel}'  soluble  in  water, 
9ed,  and  absolutely  free  from  arsenic.  The  vacuum  weights  are 
•Ined,  with  a  column  giving  the  percentage  of  chloride  obtained 
the  pjroareenate. 

Na^As^Of.  NaCL                        Percentage, 

.02177  •OM39  66.100 

.04713  .03"5  66.094 

.05795  .03830  66.091 

.40801  .26981  66.128 

.50466  .33345  66.092 

.77538  .54249  66.095 

.82897  .54791  66.095 

1. 191 24  .7S731  66.092 

1.67545  1.10732  66.091 

3.22637  2.13267  66.101 

Mean,  66.098,  ±  .0030 

ce  As  =  74.340,  ±  .0235. 

le  calculation  of  the  foregoing  values  for  arsenic,  the  subjoined 

weights  have  been  assumed  : 

o   =    15.879,  ±. 0003  K   =38.817,  ±.0051 

Ag=  107.108,  d=  .0031  Na  =  22.881,  dr  .0046 

a   =    35.>79,  ±<»48  S     =31.828,  dr. 001 5 

Br  =    79  344.  ±  .0062  Cr  =  51.742,  dr  .0034 

le  single  determination  by  Berzelius  we  may  arbitrarily  assign  a 
equal  to  that  of  the  result  from  Wallace's  bromide  series.  The 
combination  is  then  as  follows : 

From  Berzelius*  experiment As  =:  74.460,  ±z  .0436 

From  AsClj "  --  74.450,  ih  .0190 

From  AsBr, "  =  73-668,  ib  .0436 

From  AsjOj  (Kessler) "  =  74-6o7,  db  .01 75 

From  Na^ASjO^ '*  =  74340,  =^  0235 

General  mean As  .  _  74.440,  ib  .0106 

)=  16.  As  =  75.007. 

wtl  thesis.  University  of  Pennsylvania,  1896.  Work  done  under  the  direction  of  Professor 
■ith.  In  the  fifth  experiment  the  weight  of  NaCl  i.«?  printed  .33045.  This  is  evidently  a 
A.  which  I  have  corrected  by  comparison  with  the  other  data.  The  rejection  of  this  ex- 
Bt  would  not  affect  the  final  result  appreciably. 
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After  flome  earlier,  unsatisfactory  deternii nations,  Berzelius,^'  ii»  1826, 
published  hii*  final  estimatiou  of  the  atomic  weight  of  antiuion}'.  He 
oxidized  the  metal  hy  means  of  nitric  acid,  and  found  that  1(K3  parte  of 
antimony  gave  124.S  of  Sb,0,.  Hence,  if  O  :=^  IG,  Sb  ^  129,03.  The 
value  129  remained  in  general  acceptance  until  1855,  when  Kesaler,  f  by 
special  volumetric  methods,  sliowed  that  it  was  certainly  much  too  high. 
Kesslor's  results  will  be  cungidered  more  fully  further  along,  in  connec- 
tion with  a  later  |>aper;  for  present  jnirposeH  a  brief  st4iten>ent  of  his 
earlieri  conelus^iona  will  suttice.  Antimony  aiul  various  compoundia  of 
antimony  were  oxidized  partly  by  potiissium  dichromate  and  partly  by 
}»ot;iHHium  eldoraie,  and  from  the  amounts  of  oxidizing  agent  required 
the  atomic  weight  in  ijuesiioii  wub  deduced: 

By  oxidalion  of  Sb,Oj  from  loo  pnrts  of  Sb Sl>  =r  123.84 

Hy  oxidalion  of  Sb  with  KjCr^O,, » "  =:  123.61 

By  oxidation  of  Sb  wtih  KCIO^  -{-  K^CrjO, "  —  123.72 

By  oxidalion  of  SbjO^  with  KCIO^-f-  K^CfjO,, .  .    "  =  raj.So 

By  oxidation  of  Sb^S,  with  K^CrjO,  . *'  =123,58 

By  oxidalion  of  tartar  cmeiic **   =119.80 

The  figures  g^ivi^n  are  those  calculated  by  Kessder  himself  A  recalcu- 
lation with  our  newer  atomic  weights  for  0,  K,  CI,  ('r,  8,  and  C  would 
yield  Iri wcr  val U(^b.  It  will  1m?  seen  that  ^vq  of  the  estimates  agi'ee  closoly, 
while  one  diverges  widely  from  tbe  otfiers.  It  will  be  shown  hereafter 
that  the  concordant  valuer  are  all  vitiated  hy  constant  errors*  and  that 
the  exceptional  figure  is  after  all  the  beet 

Shortly  after  the  a]>pearance  of  Kesfiler's  first  psiper,  Schneider  J  pub- 
lished some  results*  obtained  by  the  reduction  of  atitinmny  sulphide  In 
hydrogen.  The  material  chosen  was  a  very  pure  iitil>nito  from  Arnsberg, 
of  which  the  gangue  was  only  quartz.  This  was  corrected  for,  and  cor- 
rections were  also  npplied  for  trace:s  of  undecom posed  sulphide  carried 
off  nieclianirally  by  the  gas  stream,  and  for  traces  of  sulphur  retained 
by  ilie  reduced  antimony.  The  latter  sul]>hur  was  estimated  as  barium 
sulphate.  From  3.2  to  10,6  grammes  of  material  were  taken  iu  each  ex- 
periment.    The  final  corrected  percentiles  of  S  in  SbjS,  were  ns  fallows : 

28,559 
_  28.557 

28.501 

28.554 
28.532 

•Pos:K«n<J  Aiitialcn,  8.  r. 

t  Poggcnd.  Atinalcn,  95,  315, 

I  Poggend.  Anaalen,  9S.  19^,    1856     PretiminAry  note  in  Ttd.  97 
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28.4«5 
28.492 
28.481 


Mean,  28.520,  ±  .008 

S  =  32,  Sb  =  120.8. 

ely  after  the  appearance  of  Schneider's  memoir,  Rose*  pub- 
jsult  of  a  single  analysis  of  antimony  trichloride,  previously 
his  supervision  by  Weber.  This  analysis,  if  CI  =  35.5,  makes 
a  value  of  no  great  weight,  but  in  a  measure  confirmatory  of 
d  by  Schneider. 

research  upon  the  atomic  weight  of  antimony  was  that  of 
blished  in  1857.     This  chemist,  having  tried  to  determine 

of  gold  precipitable  by  a  known  weight  of  antimony,  and 
ned  discordant  results,  finally  resorted  to  the  original  method 
.  Antimony,  purified  with  extreme  care,  was  oxidized  by 
and  the  gain  in  weiglit  was  determined.  From  1.5  to  3.3 
metal  were  used  in  each  experiment.  The  reduction  of  the 
vacuum  standard  was  neglected  as  being  superfluous.  From 
ained,  we  get  the  following  percentages  of  Sb  in  Sb^O^ : 

79.268 
79.272 
79255 
79.266 

79.253 
79.271 
79.264 
79.260 
79.2S6 
79.274 
79.232 
79-395 
79-379 


Mean,  79.283,  ±  .009 

0  r^  16,  Sb  =  122.40. 

Tiinations  of  Dumas  X  were  pul)lis}ie(l  in  1859.  This  chemist 
:  the  ratio  between  silver  iind  antinionious  chloride,  and  ob- 
ts  for  the  atomic  weight  of  antimony  quite  near  to  those  of 
e  SbClj  was  prepared  by  the  action  of  dry  chlorine  uj)on 
my ;  it  was  distilled  several  times  over  antimony  powder, 
id  to  be  perfectly  jnire.  Known  wei<rhts  of  this  preparation 
to  solutions  of  tartaric  acid  in  water,  and  the  silver  chloride 
ated  without  previous  removal  of  the  antimony.     Here,  as 


*  PogRcnd.  Annalen,  9X,  455.     1856. 
t  Poggend.  Annalen,  100,  363.     1S57 

*  Ann.  Chim.  Phys.  (3),  55,  175. 
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hydrochloric  acid,  and  titrated  with  dichromate  solution.  Six  experi- 
ments were  made,  but  Kessler  rejects  the  first  and  second  as  untrust- 
worthy.   The  data  for  the  others  are  as  follows : 

Sd^Oy  KCIO^,  K^Cr^O^  soL  in  cc, 

1.7888  grm.  .4527  grm.  19.2  cc. 

1.6523  *'  .4506  "  3.9  " 

3.2998  "  .8806  '*  16.5  " 

1.3438  **  .3492  **  10.2  ** 

From  these  figures  Kessler  deduces  Sb  =  122.16. 

These  data,  reduced  to  a  common  standard,  give  the  following  quanti- 
ties of  oxygen  needed  to  oxidize  100  parts  of  Sb,0,  to  SbjOj.  Each  cubic 
centimetre  of  the  Kfirfi^  solution  corresponds  to  one  milligramme  of  O : 

10.985 

10.939 
10.951 
10.936 


Mean,  10.953,  ±  .0075 

In  the  second  series  of  experiments  pure  antimony  was  dissolved  in 
hydrochloric  acid  with  the  aid  of  an  unweighed  quantity  of  potassium 
chlorate.  The  solution,  containing  both  antimonious  and  antimonic 
compounds,  was  then  reduced  entirely  to  the  antimonious  condition  by 
means  of  stannous  chloride.  The  excess  of  the  latter  was  corrected  with 
a  strong  hydrochloric  acid  solution  of  mercuric  chloride,  then,  after 
diluting  and  filtering,  a  weighed  quantity  of  potassium  chlorate  was 
added,  and  the  titration  with  dichromate  was  j)erformed  as  usual.  Cal- 
culated as  above,  the  percentiiges  of  oxygen  given  in  the  last  column 
correspond  to  100  parts  of  antimony : 


Sb, 

KCIO^. 

K.Cr^O^  sol.  cc. 

Per  cent,  0. 

1.636  grm. 

0.5000  grm. 

18.3 

13.088 

30825  - 

0.9500  '* 

30.2 

13.050 

4.5652  " 

1.4106  *• 

45.5 

13098 

Mean,  13.079,  ±  .0096 

This  series  gave  Kessler  Sb  =  122.34. 

The  third  and  fourth  series  of  experiments  were  made  with  pure 
antimon}'  trichloride,  SbClg,  prepared  ])y  the  action  of  mercuric  chloride 
upon  metallic  antimony.  This  preparation,  in  the  third  series,  was  dis- 
solved in  hydrochloric  acid,  and  titrated.  In  one  experiment  solid 
KjCr^O,  in  weighed  amount  was  added  before  titration;  in  the  other  two 
estimations  KCIO3  was  taken  as  usual.  The  third  column  gives  the 
percentages  of  oxygen  corresponding  to  100  parts  of  SbClj. 
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1*3576  grm.  SbCI,  needed  .5967  gnn.  K,Cr,Oj  and  33.4  cc  sol.     7.0338 
1.9118  "  .3019    "      KCIO,      "     16.2      **  7.0321 


4.1235 


.6801 


KCIO, 


16.2 
23.2 


•*  7.0222 

Mean,  7.0294, r.00H 


The  fourth  set  of  experiments  was  gravimetric.  The  solution  of  Sbl\ 
mixed  with  tartaric  acid,  was  first  precipitated  by  hydrogen  sulphide, 
in  order  to  remove  the  antimony.  The  excess  of  H^  was  corrected  by 
copper  sulphate,  and  then  the  chlorine  was  estimated  as  silver  chloride 
in  the  ordinary  manner.  100  parts  of  AgCl  correspond  to  the  amounts 
of  SbClj  given  in  the  third  column. 

1.8662  grm.  SbCl,  gave  3.483  grm.  AgCI.  53.580 


1.6832            * 

3.141 

53.588 

2  7437 

5.IH5        '* 

53677 

2.6798              ' 

5.0025        «' 

53.569 

5.047 

9.411 

53.629 

3.8975 

7.2585        " 

53.696 
Mean,  53.623. 

:  .015 

The  volumetric  series  with  SbCl,  gave  Kessler  values  for  Sb  ranging 
from  121. IG  to  121.47.  The  gravimetric  series,  on  the  other  hand,  yielded 
results  from  Sb  =  124.12  to  124.67.  This  discrepancy  Kessler  rightly 
attributes  to  the  presence  of  oxygen  in  the  chloride;  and,  ingenioody 
correcting  for  this  error,  he  deduces  from  both  sets  combined  the  valueof 
Sb  =  122.37. 

The  several  mean  results  for  antimony  agree  so  fairly  with  each  other, 
and  with  the  estimates  obtained  b}'  Dexter  and  Dumas,  that  we  cannot 
wonder  that  Kessler  felt  satisfied  of  their  general  correctness,  and  of  the 
inaccuracy  of  the  figures  j)ublished  by  Schneider.  Still,  the  old  series 
of  (lata  obtained  by  the  titration  of  tartar  emetic  with  dichromate  con- 
tained no  evident  errors,  and  was  not  accounted  for.  This  series,*  » 
we  reduce  all  of  Kessler's  figures  to  a  single  common  standard,  gives  t 
ratio  between  K,Cr,0,  and  C.H.KSbO^.JHA  100  parts  of  the  former 
will  oxidize  of  the  hitter: 

336.64 

338.01 

336.83 

337.93 

338.59 

335-79 

Mean,  337.30,  ±1  .29 

From  tliis,  if  K^CrA^  292.271,  Sb  =118.024. 

The  newer  atomic  weights  found  in  other  chapters  of  this  work  will 


*  Poggend.  Annalen,  95.  217. 
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be  iipplied  to  the  discussion  of  all  these  seriea  further  along.  It  may, 
however,  be  properly  noted  at  tliis  point  that  the  probable  eiTors  assigned 
to  the  peroeiitagea  of  oxygen  in  tiiree  of  Kestiler's  .series  are  too  Itnv, 
These  percentages  are  calcuhited  from  the  quantities  of  KCIO3  involved 
in  the  several  reaetions,  and  their  probable  errors  .should  be  inereased 
with  reference  to  the  pnil>able  error  of  the  nioleeular  weight  of  that  salt. 
The  necessary  calculations  would  be  more  laborious  than  the  imi>oitanee 
of  the  figures  would  w^arniiit,  and  accordingly,  in  computing  the  final 
general  mean  for  antimony,  Kessler's  figures  >vill  receive  somewhat  higher 
weight  than  they  are  legitimately  entited  to. 

Naturally,  the  concordant  results  of  Dexter,  Kessler,  and  Dumas  led 
to  the  general  acceptance  of  the  value  of  122  for  antimony  as  against  tlie 
hiwer  tigure,  120,  of  Schneid«'r.  Still,  in  1871,  Unger  ^  published  the  re- 
sults of  a  single  analysis  uf  Sehlifijie's  salt,  Na^SbS^.tH  1^0.  This  analysis 
gave  Sb  =  119:70.  if  S^=S2  and  Na  =  23,  but  no  great  weight  could  be 
attached  to  the  determination.  It  served,  nevertheless,  to  show  that  the 
controversy  over  the  atomic  weight  of  antimony  was  not  finally  settled. 

More  than  ten  years  after  the  appearance  of  Kessler's  second  paper  the 
pn)>ject  of  the  atomic  w^eight  of  antimony  was  again  taken  up,  tliis  time 
by  Professor  Cooke.  His  resnhs  a[>i>eared  in  the  autumn  of  18771  ^uid 
were  conclusive  in  favor  of  the  lower  value,  approxinnitely  120.  For  full 
details  tlie  original  memoir  must  be  eonsnlled  ;  only  a  few  of  the  leading 
points  can  \ie  (^ited  here. 

Schneider  analyzed  a  sulphide  of  antimony  which  was  already  fonued. 
Cooke,  revei*sing  tlie  method,  elTected  the  synthe.sis  of  tliis  compt»un<l. 
Known  weights  of  pure  antimony  were  dissolved  in  hydrochhiric  at^id 
contjiining  a  little  nitric  acid.  In  this  solution  weighed  halls  of  antimony 
were  boiled  until  the  liquid  became  colorless;  subsequently  the  weight 
of  metal  lost  by  the  bnlls  was  ascertained.  To  the  sokition,  whicfi  now 
contained  only  antinionious  compounds,  tartaric  acid  was  added,  and 
then,  with  a  sufjersaturated  aqueous  sulphhydric  acid,  antimony  trisul- 
phide  wiis  precipitated.  The  preeipitiite  was  collected  by  an  ingenious 
process  of  reverse  fillratiun,  converted  into  the  blark  modification  by 
drying  at  210*^,  and  weighed.  After  weighings  the  SbjS,  was  dissolved 
in  hydrochloric  aciii,  leaving  a  carbonaceous  residue  nnacte<l  upon. 
This  was  carefully  estimated  and  corrected  for.  About  two  grammes  of 
nntimony  were  taken  in  each  experiment  and  thirteen  .**yntheHes  were 
performed.  In  two  of  these,  however,  the  antimony  trisulphide  was 
weighed  only  in  the  red  modification,  and  the  rrsults  were  uncorrecb'd 
by  conversion  into  the  black  variety  and  estimation  of  the  carbonareous 
raBidue*  In  fact,  every  such  conversion  and  correction  was  preceded  by 
a  weiglung  of  the  red  modification  of  the  8b,Sj.  The  mean  result  of  these 
weighings,  if  S  ^  32,  gave  Sb  ^  119.9f>4.     The  mean  result  of  the  cor- 

*  Archiv.  tier  FhMrmaclc,  197,  194.    Quoted  by  Cooke. 
,  t  Proc.  Amer.  Acad.,  $,  tj* 


222  THE   ATOMIC   WEIGHTS. 

reeled  syntheses  gave  Sb  =  120.295.     In  these  eleven  experiments  the 
following  percentages  of  S  in  Sb,S,  were  established  : 

28.57 
28.60 

28.57 
28.43 
28.42 

28.53 
28.50 
28.49 
28.58 
28.50 
28.51 


Mean,  28.5182,  dz  .0120 

These  results,  confirmatory  of  the  work  of  Schneider,  were  presented 
to  the  American  Academy  in  1876.  Still,  before  publication,  Cooke 
thought  it  best  to  repeat  the  work  of  Dumas,  in  order  to  detect  the  cause 
of  the  old  discrepancy  between  the  values  Sb  =  120  and  Sb  =  122.  Ac- 
cordingly, various  samples  of  antimony  tricliloride  were  taken,  and  puri- 
fied by  repeated  distillations.  The  final  distillate  was  further  subjected 
to  several  recrystallizations  from  the  fused  state ;  or,  in  one  case,  from  a 
saturated  solution  in  a  bisulphide  of  carbon.  The  portions  analyzed 
were  dissolved  in  concentrated  aqueous  tartaric  acid,  and  precipitated 
by  silver  nitrate,  many  precautions  being  observed.  The  silver  chloride 
was  collected  by  reverse  filtration,  and  dried  at  temperatures  from  110*^ 
to  120°.  In  one  experiment  the  antimony  was  first  removed  by  H,S. 
Seventeen  experiments  were  made,  giving,  if  Ag  =  108  and  CI  =  35.5,  a 
mean  value  of  Sb  =  121.94.  If  we  reduce  to  a  common  standard,  Cooke's 
analyses  give,  as  proportional  to  100  parts  of  AgCl,  the  quantities  of  SbCl 
stated  in  the  third  column  : 


1.5974  grm.  SI 

bCl3  gave  3.0124  grm.  AgCl. 

53.028 

>.2S33 

2.3620 

53.061 

.8876 

1.6754 

52.978 

.8336 

I  5674 

53.184 

.5326 

*•       1. 0021     *• 

53.>48 

.7270 

I. 3691 

53.<oi 

^.2679 

2.3883 

53.088 

1.9422 

3.6646 

52.999 

1.7702 

3.3384 

53.025 

2.5030 

4.7184 

53.048 

2.1450 

"      4.0410    '• 

53.081 

1.7697 

3.3281 

53.»75 

2.3435 

4.4157 

53.072 

1.3686 

2.5813 

53.020 

1.8638 

3.5146 

53.030 

2.0300 

3.8282 

53.028 

2.4450 

4.6086 

53.053 

Mean,  53  066,  db  .0096 
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This  mean  may  be  combined  with  that  of  Kessler's  series,  as  follows : 

Kcsslcr 53.623,    zb  .015 

Cooke 53.066,    ±.0096 

General  mean 53.231 1,  dr  .008  . 

The  results  thus  obtained  with  SbCl,  confirmed  Dumas'  determination 
of  the  atomic  weight  of  antimony  as  remarkably  as  the  syntheses  of  Sb,S, 
had  sustained  the  work  of  Schneider.  Evidently,  in  one  or  the  other 
series  a  constant  error  must  be  hidden,  and  much  time  was  spent  by 
Cooke  in  searching  for  it.  It  was  eventually  found  that  the  chloride  of 
antimony  invariably  contained  traces  of  oxychloride,  an  impurity  which 
tended  to  increase  the  apparent  atomic  weight  of  the  metal  under  con- 
sideration. It  was  also  found,  in  the  course  of  the  investigation,  that 
hydrochloric  acid  solutions  of  antimonious  compounds  oxidize  in  the  air 
during  boiling  as  rapidly  as  ferrous  compounds,  a  fact  which  explains  . 
the  high  values  for  antimony  found  by  Kessler. 

In  order  to  render  '*  assurance  doubly  sure."  Professor  Cooke  also 
undertook  the  analysis  of  the  bromide  and  the  iodide  of  antimony.  The 
bromide,  SbBr,,  was  prepared  by  adding  the  finely  powdered  metal  to  a 
solution  of  bromine  in  carbon  disulphide.  It  was  purified  by  rtSf^ied 
distillation  over  pulverized  antimony,  and  by  several  recrystiHiBaiions 
from  bisulphide  of  carbon.  The  bromine  determinations  resenlMe  those 
of  clilorine,  and  gave,  if  Ag  =  108  and  Br  =  80,  a  mean  valuta  for  anti- 
mony of  Sb  =  120.  Reduced  to  a  common  standard,  the  fifteltt'anal^'ses 
give  the  subjoined  quantities  of  SbBfj  proportional  to  100  parts  of  silver 
bromide:  '  ^ 

1. 8621  grm.  ShBfj  gave  2.9216  grm.  Agl^r.  63.736 

.9856  '•  1.5422  "  63.909 

1.8650  **  2.9268  *'  63.721 

1.5330  "  2.4030  "  63.795 

1.3689  '•  2.1445  "  63.833 

1. 2124  **  1. 8991  "  63  841 

.9417  "  1.4749  "  63.848 

2.5404  "  3.9755  "  63.901 

1.5269  '♦  2.3905  "  63.874 

1.8604  •*  2.9180  *'  63.756 

1.7298  '♦  2.7083  •*  63.870 

3.2838  •'  5.»398  "  63.890 

2.3589  "  3.6959  "  63.825 

1.3323  '*  2.0863  "  63.859 

2.6974  •'  4.2285  "  63.791 

Mean,  63.830,  ±  .008 

The  iodide  of  antimony  was  prepared  like  the  bromide,  and  analyzed 
in  the  same  way.  At  first,  discordant  results  were  obtained,  due  to  the 
presence  of  oxyiodide  in  the  iodide  studied.     The  impurity,  however, 
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was  removed  by  subliming  the  iodide  'in  an  atmosphere  of  dry  carbon 
dioxide.  With  this  purer  material,  seven  estimations  of  iodine  were 
made,  giving,  if  Ag  =  108  and  I  =  127,  a  value  for  antimony  of  Sb  =  120. 
Reduced  to  a  uniform  standard,  Cooke's  weighings  give  the  following 
quantities  of  Sbis  proportional  to  100  parts  of  silver  iodide : 


i.i877grm. 

SbJ 

8  gave  1.6727  grm 

.  Agl., 

7 '.005 

.4610 

.6497 

(( 

70.956 

3.2527 

4.5716 

(i 

71.150 

1.8068 

2.5389 

ii 

71.165 

1.5970 

2.2456 

i< 

7i.ir7 

2.3201 

3.2645 

" 

71.071 

•3496 

.4927 

({ 

70.956 

Mean,  71.060,  d:  .023 

Although  Cooke's  work  was  practically  conclusive,  as  between  the  rival 

,  values  for  antimony,  his  results  were  severely  criticised  by  Kessler,*  who 

evidently  had  read  Cooke's  paper  in  a  very  careless  way.     On  the  other 

hand,  Schneider  published  in  PoggendorfF's  Annalen  a  friendly  review 

of  the  new  determinations,  which  so  well  vindicated  his  own  accuracy. 

In  reply  to  Kessler,  Cooke  undertook  still  another  series  of  experiments 

with-^3l|bimony  bromide,t  and  obtained  absolute  confirmation  of  his 

^  previoua  Jesuits.     To  a  solution  of  antimony  bromide  was  added  a  solu- 

/T^tion  containing  a  known  weight  of  silver  not  quite  sufficient  to  precipi- 

.  /    tate  all  tke  bromine.     The  excess  of  the  latter  was  estimated  by  titration 

/  '     with  a  nSj|ial  silver  solution.     Five  analyses  gave  values  for  antimony 

il     ranging *;oni  119.98  to  120.02,  when  Ag  =  108  and  Br  =  80.     Reduced 

i      to  a  comihQn  standard,  the  weights  obtained  gave  the  amounts  of  SbBr 

stated  in  the  third  column  as  proportional  to  100  parts  of  silver : 

^r  ,      2.5032  grm.  SbBfg  —  2.2528  grm.  Ag.  111.115 

2.0567  '•  1.8509  "  I  I  F.I  19 

2.6512  "  2.3860  "  III. 115 

3.3053  "  2.9749  "  I  I  1.106 

2.7495  "  2.4745  '•  III. 113 

Mean,  1 11. 114,  rh  .0014 

Schneider,3:  also,  in  order  to  more  fully  answer  Kessler's  objections, 
re[)eated  his  work  ujwn  the  Arnsberg  stibnite.  This  he  reduced  in  hydro- 
gen as  before,  correcting  scrupulously  for  impurities.  The  following 
percentages  of  sulphur  were  found  : 

28.546 

28.534 
28  542 


Mean,  28  541,  ±z  .0024 


*  Berichte  d.  Deutsch.  Chem.  Gcsell.,  12,  1044.     1879. 

t  Amer.  Journ.  Sci.  and  Arts,  May,  1880.     Berichte,  13,  951. 

tjourn.  fur  Prakt.  Chem.  (2),  22,  131. 
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These  figures  confirm  his  old  remits,  and  may  ))e  fairly  combined  with 
them  and  with  the  percentages  found  by  Cooke,  as  follows : 

Schneider,  early  series 28.520,    i  .008 

Schneider,  late  series 28.541,    it  .0024 

Cooke 28.5182,  zt  .0120 

General  mean 28.5385,  d=.  .0023 

In  1881  Pfeifer*  determitied  electrolytically  the  direct  ratios  between 
silver  and  antimony,  and  copper  and  antimony.  With  copper  the  fol- 
lowing data  were  obtained  : 

Cu^  :  Sd^  :  :  /oo  :  ,r. 
1.412  grm.  Sb  =  1.1008  Cu.  128.270 

1.902  *'  1.42^32    •*  128.236 

3.367  "  2.6249   **  128.272 


Mean,  128.259,  dr  .0077 


If  Cu  =  63.6,  Sb  =  122.3G. 
With  silver  he  found — 


^^s 

:S6  :  :  lOO  :  .r. 

5.925  grip.  Sb 

=  15-774  Ag. 

37.562   . 

6.429 

I7.«P9  " 

37.577 

0.116    '* 

26.972  *♦ 

37.506 

4  865 

13.014  " 

37.383 

4.390 

11.697  " 

37.531 

9.587 

25.611  '* 

37.433 

4.525 

12.097  " 

37.406 

Mean,  37.485,  rb  .0198 

If  Ag=  108,  Sb=- 121.45. 

The  latter  ratio  was  also  determined  by  Popper,!  several  years  after- 
wards. The  two  metals  were  precipitated  simultaneously  by  the  same 
current ;  and  in  some  experiments  two  portions  of  antimony  were  thrown 
dowMi  against  one  of  silver.  These  are  indicated  in  the  subjoined  table 
by  suitable  bracketint?,  and  tbc  ratio  is  givert  in  the  tbird  column  : 

Sd, 

1.4856) 
1.4788  * 
2.0120  ) 
2.0074  ) 
3  8S82  \ 

3.8903  ^ 
4.1893) 
4.1885  > 


^£'- 

Ratio. 

3.9655 

37.463 
37.292 

5- 3649 

37.503 

37.4'7 

10.3740 

37.480 
37.500 

1 1. 1847 

37.455 
37.447 

15 


•Ann.  Chem.  Pharm.,  209,  161. 
t  Ann.  Chem.,  233,  153. 
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4.27I01 
4.2752/ 

ii.386i^ 

37.507 

37.545 

5.6860 1 
5.6901  / 

15.1786 

37.460 

37.487 

4.4II7 

II. 8014 

37.383 

4.9999 

13.3965 

37.322 

5.2409 

14.0679 

37.250 

Mean, 

,  37.434.  ±  .0149 

Pfctfer  found, 

37.485,  d=  .0198 

General  mean,  37.452,  d=  .0119 

If  Ag  =  108,  Popper's  figures  give  in  mean  Sb  =  121.3. 

I  am  inclined  to  attach  slight  importance  to  these  electrolytic  data, 
for  the  reasons  that  it  would  be  very  difficult  to  ensure  the  absolute 
purity  and  freedom  from  occlusions  of  the  antimony  as  weighed,  or  to 
guarantee  that  no  secondary  reactions  had  modified  the  ratios. 

The  work  done  by  Bongartz*  in  1883  was  quite  different  from  any  of 
the  determinations  which  had  preceded  it.  Carefully  purified 'antimony 
was  weighed  as  such,  and  then  dissolved  in  a  concentrated  solution  of 
potassium  sulphide.  From  this,  after  strong  dilution,  antimony  trisul- 
phide  was  thrown  down  by  means  of  dilute  sulphuric  acid.  After 
thorough  washing,  this  sulphide  was  oxidized  by  hydrogen  peroxide,  by 
Classen's  method,  and  the  sulphur  in  it  was  weighed  as  barium  sulphate. 
The  ratio  measured,  therefore,  was  2Sb :  3BaS04,  and  the  data  were  as 
follows.     The  BaSO^  equivalent  to  100  parts  of  Sb  is  the  ratio  stated  : 


Sd  Taken. 

BaSO^  Found. 

Ratio, 

1.4921 

4.3325 

290.362 

.6132 

1.7807 

290.394 

.5388 

1.5655 

290.553 

1.2118 

3.5205 

290.518 

.9570 

2.7800 

290.491 

.6487 

1.8855 

290.349 

.7280 

2. 1 100 

289.835 

.9535 

2.7655 

290.036 

1.0275 

2.9800 

290.024 

.9635 

2.7980 

290.399 

.9255 

2.6865 

290.275 

.7635 

2.2175 

290.438 

Mean,  290.306,  di  .0436 

We  have  now  before  us  the  followinf;  ratios,  orood  and  bad,  from  which 
to  calculate  the  atomic  weight  of  antimony.  The  single  results  obtained 
by  Weber  and  by  Unger,  being  unimportant,  are  not  included  : 

•  Ber.  Deiitsch.  Chera.  Gesell.,  16,  1942.     1883. 
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(I.)  Percentage  of  S  in  Sb,S„  28.5385,  ±:  .0023 

(2.)  Percentage  of  Sb  in  Sb^O^,  79.283,  ±  .009 

(3.)  O  needed  to  oxidize  100  parts  SbCI,,  7.0294,  dz  .0024 

(4.)  O  needed  to  oxidize  100  parts  Sb^O,,  10.953,  db  .0075 

(5.)  O  needed  to  oxidize  100  parts  Sb,  13.079,  ±  .0096 

(6.)  K,Cr,Oy :  tartar  emetic  :  :  100  :  337.30,  db  .29 

(7.)  Ag,  :  SbCI,  :  :  100  :  70.512,  db  .021 

(8.)  3AgCl  :  SbClj  :  :  100  :  5323",  db  .008 

(9.)  Ag^  '  SbBr,  :  :  100  :  in. 114,  ±  .0014 

(10.)  3AgBr  :  SbBr,  :  :  100  :  63.830,  db  .008 

(11.)  3AgI  :  Sbl,  :  :  100  :  7 1. 060,  ±  .023 

(12.)  Cu,  :  Sb, :  :  100  :  128.259,  ±  .0077 

(13.)  Ag,  :  Sb  :  :  100  :  37-452,  db  .0119 

(14.)  Sb,  :  3BaS04  :  :  100  :  290.306,  db  .0436 

e  reduction  of  these  ratios  a  considerable  number  of  antecedent 
ireights  are  required,  thus : 

0  =  15.879,^.0003  C  =  11.920,  db. 0004 
Ag=  107.108,  db  .0031  Cu   =  63.119,  dz  .0015 

01  =  35.179,  ±  .0048  Ba  =  136.392,  db  .0086 
Br  =  79.344,  db  .0062  Cr  =  51-742,  ±  .0034 
1  =  125.888,  db  .0069  AgCl  =  142.287,  dr  .0037 
K  =  38.817,  db  .0051  AgBr=  186.452,  ±  .0054 
S  =  31.828,  d:. 001 5  Agl  =  232.996,  d=  .0062 

e  of  the  ratios  give  the  molecular  weight  of  antimony  trichloride, 
ogive  corresponding  values  for  the  bromide.  These  values  may 
ibined,  as  follows:  First,  for  the  chloride — 

From  (3) SbCI,  =  225.894,  dr  .0771 

From  (7) *•      =  226.572,  dr  .0678 

From  (8) *'      -1227.223,1^.0347 

General  mean SbClj  =1-  226.924,  dr  .0286 

iceSb=  121.387,  ±.0321. 
the  bromide  we  have — 

From  (9) SbBr,  Tzr  357.036,  rh  .0113 

From  (10) "        -357037,  db  .0250 

General  mean SbBr,  —  357.036,  =b  .0103 


ice  Sb=  119.005,  ±  .0212. 

the  data  yield  eleven  values  for  antimony,  which  are  arranged 
in  the  order  of  their  ma<rnitude  : 
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I. 
2. 

3. 
4. 
5. 
6. 

7. 
8. 

9. 
lo. 
II. 


From  tartar  emetic,  ratio  (6) Sb 

From  SbBr, 

From  Sblj,  ratio  (if) 

From  SbjSj,  ratio  (i) 

From  ratio  (14) 

From  ratio  (13) 

From  ratio  (4) , 

From  SbClj 

From  ratio  (5) 

From  ratio  (12) 

From  SbjO^,  ratio  (2) 


:  1 18.024,  dz 

=  1 19.005, ± 
=  119.037,  ± 

=  119.548.  rfc 
=  "9.737,  =b 
=  120.342,  rh 
=  121.155,  dt 
■-  121.387,  =b 
:  121.408,  ±: 
:  121.434,  ±: 
:  121.542,  ± 


2827 
0212 
.1626 
.0069 
0188 
0384 
1000 
0321 
0891 
0078 
0546 


General  mean Sb  ^  120.299,  ±  .0047 


If  0  =  16,  this  becomes  Sb  =  121.218. 

Among  these  figures  the  discordance  is  so  great  that  the  mathematial 
combination  has  no  real  value.  We  must  base  our  judgment  in  thiscaw 
mainly  upon  chemical  evidence,  and  this,  as  shown  in  the  investigation! 
of  Cooke  and  of  Schneider,  favors  a  lower  rather  than  a  higher  value  f« 
the  atomic  weight  of  antimony.  Dumas'  work  was  affected  by  consUnt 
errors  which  are  now  known,  and  Dexter's  data  are  also  presumably  itt 
the  wrong.'  A  general  mean  of  values  2,  3,  4,  and  5  gives  Sb  =»  119521, 
lb  .0062,  or,  if  0  =  16,  Sb  =  120.432.  Even  now  the  range  of  uncertainty 
is  greater  than  it  should  be,  but  none  of  the  four  values  combined  csn 
be  accepted  exclusively  or  rejected  without  mofe  evidence.  This  result, 
therefore,  should  be  adopted  until  new  determinations,  of  a  more  con- 
clusive nature,  have  been  made. 
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BISMUTH. 


Early  in  the  century  the  combining  weight  of  bismuth  was  approxi- 
mately fixed  through  the  experiments  of  Lagerhjelm.*  Effecting  the 
direct  union  of  bismuth  and  sulphur,  he  found  that  ten  parts  of  the  metal 
yield  the  following  quantities  of  trisulphide : 

12.2520 
12.2065 
12.2230 
12.2465 


Mean,  12.2320 

Hence  Bi  ==  215  in  round  numbers,  a  value  now  known  to  be  much  too 
high.  Lagerhjelm  also  oxidized  bismuth  with  nitric  acid,  and,  after  igni- 
tion, weighed  the  trioxide  thus  formed.  Ten  parts  of  metal  gave  the 
following  quantities  of  Bi^O, : 

1 1. 1382 
II. 1275 

Mean,  )i.  13285 

Hence,  if  0  =  16,  Bi  =  211,85,  a  figure  still  too  high. 

In  1851  the  subject  of  the  atomic  weight  of  bismuth  was  taken  up  by 
Schneider,!  who,  like  Lagerhjelm,  studied  the  oxidation  of  the  metal 
with  nitric  acid.  The  work  was  executed  with  a  variety  of  experimental 
refinements,  by  means  of  which  every  error  due  to  possible  loss  of  mate- 
rial was  carefully  avoided.  For  full  details  the  original  paper  must  be 
consulted;  there  is  only  room  in  these  pages  for  the  actual  results,  as 
follows.     The  figures  represent  the  percentages  of  Bi  in  Bifi^ : 

89.652 
89.682 
89.644 
89.634 
89.656 
89.666 
89.655 
89.653 


Mean,  89.6552,  rb  .0034 

Hence,  if  O  =  IG,  Bi  =-  208.05. 

Next  in  order  are  the  results  obtained  by  Dumas.  J     Bismuth  tri- 


♦  Annals  of  Philosophy,  4,  338.     1814.    Adopted  by  Berzelius. 
t  Pojf^end.  Annalen.  8i.  303.     1851, 
I  Ann.  Chim.  Phys.  (3),  55,  176.     1859, 
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chloride  was  prepared  by  the  action  of  dry  chlorine  upon  bisniath^  and 
repeatt^dly  rectified  by  di?(tilliition  over  bisrauth  powder.  The  product 
way  weighed  in  a  closed  tube,  di^isolved  in  wuter,  and  precipit^it^d  with 
sodiura  carbonate.  In  the  filtrate,  after  strongly  acidulating  with  nitric 
acid,  tlie  chlorine  wa.s  j>reeipitated  hy  a  known  atnauiit  of  silver.  The 
figures  in  the  third  eolutnn  show  the  tjuanlities  of  BiCl^  propurtional  Uy 
100  parts  of  silver: 


3.506  grm.  liiC1a  =  3.545  grm.  Ag. 


98.900 

9S.005 

97.829 

97.996 
97,806 

97*^3 
97.7»2 

97.762 


Mean,  98.003,  rh  .090 


Hence,  with  Ag=  :r08  and  C!  =  35.5,  Bi  =  21  LOS. 

The  first  three  of  tlie  foregoing  experiments  were  made  with  slightly 
discolored  niaterial.  The  remaining  six  percentages  give  a  mean  of 
97.791,  whence,  on  the  same  basis  as,  hetbre,  Bi  =  110.79.  Evidently 
these  results  are  now  of  sbght  value,  for  it  is  probable  that  the  chloride  of 
bismuth,  like  the  corresponding  antimony  compound,  contained  traces 
of  oxychloride.  This  assumption  fully  accounts  for  the  discordance  be- 
tween DumaB*  determination  and  the  deierminatinns  of  Schneider  and 
of  still  more  recent  investigators. 

In  1883Marignac*  took  up  the  subject,  attacking  the  problem  by  two 
methods.  His  point  of  departure  was  commercial  subnitrate  of  bismuth, 
which  was  purified  by  re-solution  and  rep reci pita tion,  and  from  which 
he  prepared  tlie  oxide.  First,  bismuth  trioxide  was  reduced  by  heating 
in  hydrogen,  beginning  with  a  moderate  temperature  and  closing  the 
operation  at  redness,  The  results  were  as  follows,  with  the  peroentagis 
of  Bi  in  Bi  A  guided  : 


2.6460 

jriB 

HiA 

tot  to.  2730  grm. 

0. 

89.683  per  cent 

6.7057 

,6910        ** 

89.696      •* 

1         X6649 

.3782        '• 

89.681       *« 

1          5.8024 

,5981        »* 

89.692      •• 

1           5.1205 

.5295        ** 

89.658      " 

1                5-5^^ 

.5742        •* 

Mctti) 

89.680      " 
,  89.682,  ±:  ,0036 

Hence,  if  0  = 

16, 

Bi- 

208.60. 

•  Arch.  ScL  Phys.  et  Nat.  <j^i  tc»,  to, 
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Marignac's  second  method  of  determination  was  by  conversion  of  the 
oxide  into  the  sulphate.  The  oxide  was  dissolved  in  nitric  acid,  and 
then  sulphuric  acid  was  added  in  slight  excess  from  a  graduated  tube. 
The  mass  was  evaporated  to  dryness  with  great  care,  and  finally  heated 
over  a  direct  flame  until  fumes  of  SO,  no  longer  appeared.  The  third 
column  gives  the  sulphate  formed  from  100  parts  of  oxide: 

2.6503  BijOg  gave  4.0218  Bi,(SOOs.  Ratio,  151.749 

'*  iS»-775 
"  '5».734 
♦•      151.688 

"  I5».739 
"      151.682 


2.8025 

4.2535 

2.710 

4.112 

2.813 

4.267 

2.8750 

4.3625 

2.7942 

4.2383 

Mean,  151.728,  ±  .0099 

Hence,  with  0  =  16  and  S  =  32.06,  Bi  —  208.16. 

This  result  needs  to  be  studied  in  the  light  of  Bailey's  observation,* 
that  bismuth  sulphate  has  a  very  narrow  range  of  stability.  It  loses  the 
last  traces  of  free  8ul}>huric  acid  at  405°,  and  begins  to  decompose  at  418**, 
so  that  the  foregoing  ratio  is  evidently  uncertain.  The  concordance  of 
the  data,  however,  is  favorable  to  it. 

The  next  determination  of  this  atomic  weight  was  by  Lowe,t  who 
oxidized  the  metal  with  nitric  acid,  and  reduced  the  nitrate  to  oxide  by 
ignition.  Special  care  was  taken  to  prepare  bismuth  free  from  arsenic, 
and  the  oxide  was  fused  before  weighing.  In  the  paper  just  quoted 
Bailey  calls  attention  to  the  volatility  of  bismuth  oxide,  which  doubt- 
less accounts  for  the  low  results  found  in  this  investigation.  The  data 
are  as  follows : 

Bi  Taken.  Bi^O^  Found.  Percent.  Bi. 

11.309  12.616  89.640 

12.2776  13694  89.656 

Mean,  89.648,  d=  .0040 

Hence;  if  0  =  16,  Bi  =  207.84. 

In  Chussen'sJ  work  upon  the  atomic  weight  of  bismuth,  the  metal 
iUself  was  first  carefully  investigated.  Commercial  samples,  even  those 
which  purported  to  be  j)ure,  were  found  to  be  contaminated  with  lead 
and  other  impurities,  and  these  were  not  entirely  removable  by  many 
successive  precipitations  as  subnitrate.  Finally,  pure  bismuth  was  ob- 
tained by  an  electrolytic  process,  and  this  was  converted  into  oxide  by 
means  of  nitric  acid  and  subseciuent  ignition  to  incipient  fusion.  Results 
as  follows,  with  the  percentage  of  l^i  in  \V\fi^  added : 


*  Journ.  Chem.  Soc,  51,  676. 
t  Zeit.  Anal.  Chem.,  2i,  49S. 
\  Ber.  Deutsch.  Chem.  (iescll.,  23,  938.     1890. 
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chloride  was  preparod  by  the  action  of  dry  chlorine 
repeatedly  rcctitied  by  distillation  over  bismuth  r 
was  weighed  in  a  closed  tube,  dissolved  in  wate' 
sodium  carbonate.     In  the  filtrate,  after  stronr" 
acid,  the  chlorine  was  precipitated  by  a  knr 
fit^ures  in  the  tliird  column  show  the  quar 
UK)  parts  of  silver: 

3.506  grm.  BiCl3  =  3.545 


1. 149 

I. If 

1.5965 

•|               I                                               .>9. 

2.1767 

3.081 

*'                                 .  lO vacuums 

2.4158 

"                         ii*,' controversy  h< 

1-7107 

r  upheld  the  essential 

3.523  " 

nim.^clf.     .Schneider  liad 

5.241 

.  i]a.s.sen  found  that  the  com 

,   iifiuru.     Schneider,  by  various 

•isniutii  were  so  nearly  pure  t 

Hence,  with 

A 

.\tiv  ailci plate  ;  but  Classen  repliei 

The  first  thr 

»          ^ 

..Hi'iier  in  his  atomic  weij^iit  inve? 

discolored  i» 

Accordin^dy,  Schneider  publishei 

97.791,  wh. 

.        i''^ 

do  l»y  the  old  method,  but  with 

these  repi 

..>>■  V 

iirilied.     Results  as  follows: 

bismutl 
of  oxy 
twee 

5/. 

5.0770 

Bt\Oi.                      Pert 

5.586S                            8 
4.1016                             8 

o{> 

7.2493 

8.0854                             8 

\ 

0.2479 

10.3142                              8 

\v 

o.oi>45 

6.7979                             « 

y 

1-M5SS 

13.5610                             8 

Hf«K^' 


Mean.  8 
with  O    -  It),  Hi       2MS.U."3.  a  confirmation  of 


^jflioUiih  the  results  so  tar  are  not  final,  a  combinr 
^Htive  ti>  bismuth  oxid«'  is  not  without  intcresr. 

1 .  Lagerhjelm 89.S65, 

2.  Sclineidcr,  1S5 1 ^9.655, 

,?.    M.ui-nac 89.6S2, 

4.  I  owe S9.64S, 

5.  n.i.svfn    S9.696, 

t».    Schiici-lLT.  1^04 89. 657, 

t  u-jur.il  incm S9.6S1,  : 

•  liMun    t  ii  I't.ikl   Clifiii     .*  .  :.'.  v.^^;;  .2;.  ];;:  amj  41,  .^  ^ 
tK>uiii    .'    r  I'r.ikr    CIrmi.    .".  =  ■.  I'W       i*»u4. 
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means,  the  ether  data  give  a  general  mean 


■  -Hows : 


\,  89.681,  dt  .0007 
151.728,  ±  .cx>99 
^  dz  .090 


Ag  =  107. 108,  ±:  .0031 
Ci    =    35.179,  rb  .0048 

.iOS — 

Bi  =  207.003,  db  .0150 

,-s; "*"- 206.613,  ±  .0444 

"in  (3) "  —  209.370,  rt  .2847 

General  mean lii  ~  206.971,  dr  .0142 

^==16.81  =  208.548. 

•en'8  data  alone  give  Bi  =  207.389,  or,  with  0  =  16,  208.969. 
^  this  set  of  determinations  and  rejecting  Dumas',  the  remaining 
ire—  ' 

From  Bi,0, lU  —  206.512,  rb  .0244 

Ffom  Bi,(5i04), *•  ==  206.613,  ±  .0444 

General  mean Hi  =  206.536,  rb  .0214 

=  16,  this  becomes  Bi  =  208.11.  Between  this  figure  and  Classen's, 
investigation  must  decide.  The  confinnation  afforded  by  the 
te  aeries  is  in  favor  of  the  h)wer  value. 
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Bi  Taken,  Bifi^  Found,  Percent,  Bi, 

25.0667  27.9442  89.703 

21.0691  23.4875  89-7035 

27.2596  30.3922  89.693 

36.5195  40.7131  89700 

27.9214  3»-'295  89.6944 

32.1188  35-8103  89.692 

30.1000  33-5587  89.694 

26.4825  59.5257  89.693 

19.8008  22  0758  89.695 

Mean,  89.696,  it  .0009 

Hence,  if  0  =  16,  Bi  =  208.92,  or,  reduced  to  vacuum  standards,  208.90. 

Classen's  paper  was  followed  by  a  long  controversy  between  Schneider 
and  Classen,*  in  which  the  former  upheld  the  essential  accuracy  of  the 
work  done  by  Marignac  and  himself.  Schneider  had  started  out  with 
commercial  bismuth,  and  Classen  found  that  the  commercial  bismuth 
which  he  met  with  was  impure.  Schneider,  by  various  analyses,  showed 
that  other  samples  of  bismuth  were  so  nearly  pure  that  the  common 
modes  of  purification  were  adequate ;  but  Classen  replied  that  the  original 
sample  used  by  Schneider  in  his  atomic  weight  investigation  had  not 
been  reexamined.  Accordingly,  Schneider  published  a^  new  series  of 
determinations  t  made  by  the  old  method,  but  with  metal  which  had 
been  scrupulously  purified.     Results  as  follows : 

Bi.  Bi^O^.                        Percent  Bi. 

5.0092  5.5868  89.661 

3.6770  4.1016  89.648 

7.2493  8.0854  89.659 

9.2479  10.3142  89.662 

6.0945  6.7979  89.653 

12.1588  13.5610  89.660 

Mean,  89.657,  ±  .0015 

Hence  with  O  =  16,  Bi  =  208.05,  a  confirmation  of  the  earlier  deter- 
minations. 

Although  the  results  so  far  are  not  final,  a  combination  of  the  data 
relative  to  bismuth  oxide  is  not  without  interest. 

1.  Lagerhjelm 89.865,  d=  .0650 

2.  Schneider,  185 1 89.655,  =b  .0034 

3.  Marignac 89.682,  :t  .0036 

4.  L5we 89.648,  rb  .0040 

5.  Classen 89.696,  dr  .0009 

6.  Schneider,  1894 89.657,  d=  .0015 

General  mean 89.681,  dr  .0007 

•  Journ.  ffir  Prakt.  Cheni.  (2),  42,  553  ;  43.  133  :  and  44.  23  and  411. 
t  Jouru.  fur  Prakt.  Cheni.  (2),  50.  461.     1894. 
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Omitting  the  first  and  fifth  means,  the  ether  data  give  a  general  mean 
percentage  of  89.659,  ±  .0012. 
The  ratios  now  l)efore  us  are  as  follows : 

(I.)  Percentage  of  Bi  in  Bi,Og,  89.681,  d=  .0007 
(2.)  Bi,0,  J  Bi,(S04),  :  :  100  :  151.728,  ±  .0099 
13-)  3Ag  :  Bid,  :  :  100  :  98.003,  d:  .090 

For  computation  we  have — 

O  =  15.879,  db  .0003  Ag  =  107. 108,  ±  .0031 

8  =  31.828,  ±  .0015  CI  =   35.»79,  db  .0048 

Hence,  reducing  the  ratios — 

From  (I) Bi  =  207.003,  zfc  .0150 

From  (2) "  =  206.613,  d:  .0444 

From  (3) •*  =  209.370,  ±:  .2847 

General  mean Bi  =  206.971,  ±  .0142 

IfO=  16,  Bi  =  208.548. 

Classen's  data  alone  give  Bi  =  207.389,  or,  with  0  =  16,  208.969. 
Omitting  this  set  of  determinations  and  rejecting  Dumas',  the  remaining 
ditagive—  ' 

From  Bi,0, Bi  =  206.51 2,  db  .0244 

From  Bi,(S04)j ••  —  206.613,  rh  .0444 

General  mean Bi  =  206.536,  ±:  .0214 

IfO=:  16,  this  becomes  Bi  =  208.11.  Between  this  figure  and  Classen's, 
fcture  investigation  must  decide.  The  confirmation  afforded  by  the 
«ujphate  series  is  in  favor  of  the  lower  value. 
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COLUMBIUM* 

The  atomic  weight  of  this  metal  has  been  determined  by  Rose,  Her- 
mann, Blomstrand,  and  Marignac.  Rosef  analyzed  a  compound  which 
he  supposed  to  be  chloride,  but  which,  according  to  Rammelsberg,  J  must 
have  been  nearly  pure  oxychloride.  If  it  was  chloride,  then  the  widely 
varying  results  give  approximately  Cb  =  122 ;  if  it  was  oxychloride,  the 
value  becomes  nearly  94.  If  it  was  chloride,  it  was  doubtless  contami- 
nated with  tantalum  compounds. 

Hermann's  §  results  seem  to  have  no  present  value,  and  Blomstrand's  || 
are  far  from  concordant.  The  latter  chemist  studied  columbium  penta- 
chloride  and  sodium  columbate.  In  the  first  case  he  weighed  the  colum- 
bium as  columbium  pentoxide,  and  the  chlorine  as  silver  chloride,  the 
oxide  being  determined  by  several  distinct  processes.  In  some  cases  it 
was  thrown  down  by  water,  in  others  by  sulphuric  acid,  and  in  still 
others  by  sodium  carbonate  or  ammonia  jointly  with  sulphuric  acid.  The 
weights  given  are  as  follows : 

CbCl^.  Cb^O^.  AgCl, 

•591  .294  

.8085  .401  2.085 

.633  .317  

.195  .0974  .500 

.507  .2505  1.302 

.9415  -472  2.454 

.563  .2796  

.9385  .4675  2  465 

.4788  .2378  

.408.  .204  1.067 

.9065  .45»5  

Hence  the  subjoined  percentages,  and  the  ratios  5AgCl :  CbClj :  :  100:  x, 
ana5AgCl  :  C^O, :  :  100  :  .r. 

Per  cent.  Cb^Oy  AgCl :  CbCl-,,  AgCl :  Cb^O^,. 

49788  

49.598  38.777  »9.233 

50.079  •-.      .  

49.949  39.000  19-435 

49.408  38.940  19.240 

50.135  38.366  19.234 

♦This  name  has  priority  over  the  more  generally  accepted  "  niobium,"  and  therefore  deserve* 
preference. 
fPoggcnd.  Annal.,  104,  439.     1858. 
tPoRKcnd.  Annal..  136.  353.     1869. 
I  Journ.  fur  Prakt.  Chem.,  68,  73.     1856. 
I  Acta  Univ.  Lund.  1864. 
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49-662 

49-813 

38.073 

18.966 

49.666 

50.000 

.   38.238 

19.119 

49.807 

235 


Mean,  49.806,  db  .045        Mean,  38.566,  d=  .108      Mean,  19.205,  ±  .043 

From  these  means  the  atomic  weight  of  columbium  may  be  computed, 
thus: 

From  2CbCl5  :  Cb^Oj Cb  =r  95.397 

From  CbClj  :  SAgCl **  =  98-477 

From  5AgCl  :  Chfi^ '*  =96-933. 

when  0  =  15,879,  Ag  =  107.108,  and  a  =35.179. 

The  series  upon  sodium  columbate,  which  salt  was  decomposed  with 
sulphuric  acid,  both  CbjOj  and  Na^SO^  being  weighed,  is  too  discordant 
for  discussion.  The  exact  nature  of  the  salt  studied  is  not  clear,  and  the 
data  given,  when  transformed  into  the  ratio  Na^SO^ :  Cb fi^ :  :  100 :  x.give 
values  for  x  ranging  from  151.65  to  161.20.  Further  consideration  of  this 
series  would  therefore  be  useless.  It  seems  highly  probable  that  Blom- 
strand's  materials  were  not  entirely  free  from  tantalum,  however,  since 
the  atomic  weight  of  columbium  derived  from  his  analyses  of  the  chloride 
are  evidently  too  high. 

Marignac*  made  about  twenty  analyses  of  the  potassium  fluoxycolum- 
})ate,  CbOFs.2KF.HjO.  100  parts  of  this  salt  give  the  following  percent- 
ages : 

CbjOj Extremes  44.15  to  44.60         Mean,  44.36 

*K,SO, ••  57.60  "  58.05 

H,0 •'  5.75  "    5.98 

F "         30.62  '•  32.22 

From  the  mean  percentage  of  Cb^Oj,  Cb=  92.852.  If  0  =  16,  this 
becomes  93.56. 

From  the  mean  between  the  extremes  given  for  K-^SO^,  Cb  =  93.192. 
If  O  =  16,  this  becomes  93.90. 

As  Deville  and  Troost'sf  results  for  the  vapor  density  of  the  chloride 
and  oxychloride  agree  fairly  well  with  Cb  =  94,  we  may  adopt  this  value 
as  approximately  correct.  The  mean  of  the  two  values  computed  from 
Marignac  s  data  is  93.022  when  H  =  1,  and  93.73  when  O  =  16. 


*  Arch.  Sci.  Phys.  Nat.  (2),  23.     1865. 
tCompt.  Rend.,  56,  891.     1863. 
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TANTALUM. 

The  results  obtained  for  the  atomic  weight  of  this  metal  by  Bei 
Rose,t  and  Hermann  J  may  be  fairly  left  out  of  account  as  vi 
These  chemists  could  not  have  worked  with  pure  preparations,  ai 
data  are  sufficiently  summed  up  in  Becker's  "  Digest." 

Blomstrand's  determinations,  §  as  in  the  case  of  columbiui 
made  upon  the  pentachloride.     His  weights  are  as  follows: 

TaCk.       '  Ta^O,.  AgCL 

.9808  .598  

1.4262  .867  2.906 

2.5282  1.5375  5.o»o5 

1.0604  -6455  2.156 

2.581  1.577  

.8767  .534  

Hence  the  subjoined  percentages  of  Ta^Oj  from  TaClj,  and  tl 
5AgCl :  TaCTj :  :  100 :  x,  and  6 AgCl :  Ta^O^ : :  100 :  x. 

Per  cent.  Ta^Oy  AgCl .  TaCl^.  AgCl .  Ta^O^, 

60.971            ....... 

60.791  .      49,078  29.835 

60.814  *     50.458  30685 

60.873  49.297  29.940 

60.960  

60.924  

Mean,  60.889,  ±  0208  49-6i  i,  =b  .289  30-l53i  *  •* 

From  these  ratios  we  get  for  the  atomic  weight  of  tantalum : 

From 'per  cent.  Tzfi^ , Ta  =  I7t.342 

From  5.AgCI  :  TaCl^ **  =  177-055 

From  5 AgCl  :  Ta^Oj '*  =  174.821 

These  results  are  too  low.  Probably  Blomstrand's  material  1 
taincd  some  columbium. 

In  1866  Marignac's  determinations  appeared.)]  He  made  four 
of  a  pure  potassium  fluotantalate,  and  four  more  experiments  \ 
ammonium  salt.  The  potassium  compound,  K^TaF^,  was  tna 
sulphuric  acid,  and  the  mixture  was  then  evaporated  to  drync 
potassium  sulphate  was  next  dissolved  out  by  water,  while  th^ 

*  Poggend.  Annalen,  4. 14.    1825. 

t  Poggeud.  Annalen,  99,  80.    1856. 

X  Journ.  fur  Prakt.  Chem.,  70,  193.     1857. 

\  Acta  Univ.  Lund.  1864 

\  Arch.  Scl.  Phys.  Nat.  (i),  a6,  89.    1866. 
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118  ignited  and  weighed  as  Ta,Oj.    100  parts  of  the  salt  gave  the  follow- 
ing quantities  of  Ta^Oj  and  K^O^ : 

56.50  44.37 

56.75  44.35 

56.55  4422 

56.56  44.24 


Mean,  56.59,  dt  .037  Mean,  44.295,  di  .026 

Prom  these  flfijures,  100  parts  of  K,SO^  correspond  to  the  subjoined 
quantities  of  TajO^ : 

127.338 
127.960 
128.178 
127.848 


Mean,  127.831,  ±  .120 

The  ammonium  salt,  (NHJ^TaF^,  ignited  with  sulphuric  acid,  gave 
^percentages  of  TajOj.  The  figures  are  corrected  for  a  trace  of  K^SO/ 
which  was  always  present :  ^ 

63.08 

63.24 

63.27 

63.42 

Mean,  63.25,  d=  .047 

Hence  we  have  four  values  for  Ta : 

.  From  potassium  salt,  per  cent.  Ta^Oj Ta  —  182.336 

From  potassium  salt,  per  cent.  K,SO^ "   =  180.496 

From  potassium  salt,  K,S04  :  Ta^Os **    —  181.422 

From  ammonium  salt,  per  cent.  Ta^Oj. .......    "    —  181.559 

Average... \ Ta  —  181.453 

Or,if0»  16,  Ta  =  182.836. 

llese  values  are  computed  with  0  =  15.879,  K  =  38.817,  S  =  31.828, 
*»13.935,  and  F=  18.912. 


I 


Concerning  the  atomic  weight  of  chromium  there  has  been  much  dis- 
cuBsion,  and  many  exf)eriiiientor8  have  sought  to  establish  the  true 
vtthie.  The  t^arliest  work  upon  it  havhig  any  importance  waa  that  of 
BerzL*liu.s^*  in  1818  and  1826,  which  led  to  results  niueh  in  excess  of  the 
eorrect  figure.  His  method  consbted  in  precipitating  a  known  weight 
of  lead  nitrate  witli  an  alkaline  chroniate  and  weighing  the  lead  chro- 
inate  tlius  produced.  Tlie  error  in  liis  determination  arose  trom  the  fact 
that  lead  chromate,  except  when  thrown  down  from  very  dilute  solu- 
tions, carricH  with  it  minute  quantities  of  alkaline  salts,  and  so  has  ita 
apparent  weight  notably  increased.  When  dilute  solutions  are  used,  a 
trace  of  the  precipitate  remains  dissolved,  and  the  weight  obtained  is  too 
low.     In  neither  case  is  tlie  mellmd  trustworthy. 

In  1844  Berxelius'  results  were  first  seriously  called  in  question.  The 
figure  for  chromium  deduced  from  his  experiments  was  somewhat  over 
'56;  but  Peligott  n(»w  showed,  by  his  analyses  of  chromous  acetate  and 
of  the  chlorides  of  chromium,  that  the  true  number  was  near  52.5. 
Unfortunately,  Peligot's  work,  although  good,  was  published  with  in- 
sufBcient  details  to  be  useful  here.  For  cliromous  acetate  he  gives  the 
percentages  of  carl>on  and  hydrogen,  but  not  the  actual  weights  of  salt, 
carbon  dioxide,  and  w^ater  from  which  they  were  calculated.  His  figurefl 
vary  consicierably;  moreover — enough  U>  show  that  their  mean  would 
carry  but  little  weight  when  combined  with  the  more  explicit  data  fur- 
nished by  other  chemists. 

Jacquelain's  J  work  we  may  omit  entirely.  He  gives  an  atomic  weight 
for  chromium  which  is  notoriously  too  low  (50.1)^  and  prints  none  of  the 
numerical  details  ujnm  which  Ids  result  rests.  The  researches  which 
particularly  command  our  attention  are  those  of  Berlin,  Moberg.  licfort, 
Wildonstein,  Kessler,  Siewert,  Baubigny,  Kawaou,  and  Meineke. 

Among  the  papers  upon  the  atomic  weight  under  consideration  that 
by  Berlin  is  one  of  the  most  im  jrnrtant.  §  His  starting  point  was  normal 
silver  cbrumate;  but  in  one  experiuient  the  dichromate  Ag4Cr,0,  was 
used.  These  salts,  which  are  easily  obtiiined  in  a  perfectly  pure  condi- 
tion, were  reduced  in  a  large  Hask  by  means  of  hydrochloric  acid  ami 
alcohob  The  chloride  of  .silver  thus  formed  was  washed  by  decantation, 
dried,  fused,  and  weighed  without  transfer.  The  united  washings  were 
supersaturated  with  ammonia,  evaporated  to  dryness,  and  the  residue 
lreate<l  with  hot  water.  The  resulting  chromic  oxide  was  then  colleetal 
upon  a  tilter,  dried,  ignited,  and  weighed.     The  results  were  as  follows : 

*SchweiKg>  Journ.,  ^x,  53^  and  Poggend.  ArnuiL^  ft,  12. 

fConipt.  R<^nd.,  19.  609,  and  rj^  ;  30,  iili7;  »i,  74, 

{  Compt.  Kend.,  h.  ^79     lfil47> 

t  Journ.  fClr  Pmkt.  Chera,^  37,  sog^  and  38,  T49.    rH46, 
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4.6680  gnn.  Ag/^r04  gave  4.027  grm.  AgCl  and  1. 0754  grm.  Cr,0,. 
3.4568  "  2.983  *'  .7960 

2.5060  "  2.1605  '•  .5770         " 

2.1530  "  1.8555  *'  .4945 

4.5335  g^-  Ag,Cr,0^  gave  2.8692  "  1.5300 

om  these  weighings  three  values  are  calculable  for  the  atomic  weight 
romium.  The  three  ratios  upon  which  these  values  depend  we  will 
der  separately,  taking  first  that  between  the  chromic  oxide  and  the 
lal  silver  salt.  In  the  four  analyses  of  the  normal  chromate  the 
•ntaged  of  Cr,0,  deducible  from  Berlin's  weighings  are  as  follows: 

23.037 
23.027 
23.025 
22.968 


Mean,  23.014,  d:  .01 1 

id  from  the  single  experiment  with  Ag^CrjO,  the  percentage  of  Cr,0, 

35.306. 

)r  the  ratio,  between  AgjCrO^  and  AgCl,  putting  the  latter  at  100,  we 

)  for  the  former : 

115.917 
115.883 
115.992 
116.033 


Mean,  115.956,  db  .023 

a  the  single  experiment  with  dichromate  100  AgCl  is  formed  from 

.035  Ag,CrA- 

inally,  for  the  ratio  between  AgCl  and  Cr^Og,  the  five  experiments  of 

lingive,  for  100  parts  of  the  former,  the  following  (juantities  of  the 

er: 

26.705 
26.685 
26.707 
26.650 
26.662 


Mean,  26.682,  dt  .0076 

icsi^  results  will  be  discus-sed,  in  connection  with  the  work  of  other 
itigitorB,  at  the  end  of  this  chapter. 

1 1848  the  researches  of  Moberjjj*  appeared.     His  method  simply 
in  the  ignition  of  anhydrous  chromic  sulphate  and  of  am- 
i  dumne  alam,  and  the  determination  of  the  amount  of  chromic 


•Jonrn.  fur  Prakt.  Chcm.,  43,  114. 
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oxide  thus  left  as  residue.  In  the  sulphate,  Cr,(SOJ„  the  subjoiiM 
centages  of  CrjOj  were  found.  The  braces  indicate  two  differ^ 
pies  of  material,  to  which,  however,  we  are  justified  in  ascribing 
value : 

.542  grin,  sulphate  gave  .212  grm.  Cr^O,. 


1-337 
.5287 

1.033 
.868 


.523 
.207 
.406 
.341 


39.114  per  cent.  1 
39.117  "  [ 
39.»53  "  3 
39.303  *•  ) 
39.286      "        I 

Mean,  39.1946,  =h  .0280 


From  the  alum,  NH^.Cr(S04)j.l2H,0,  we  have  these  percenU| 
CFjOj.  The  first  series  represents  a  salt  long  dried  under  a  bell  ji 
temperature  of  18*^.  The  crystals  taken  were  clear  and  transparen 
may  possibly  have  lost  traces  of  water,*  which  would  tend  to  in 
the  atomic  weight  found  for  chromium.  In  the  second  series  the  M 
carefully  dried  between  folds  of  filter  paper,  and  results  were  oM 
quite  near  those  of  Berlin.  Both  of  these  series  are  discussed  tog 
neither  having  remarkable  value : 

1.3185  grm.  alum  gave  .213  grm.  CfjO,. 


.7987 
1. 0185 
1.0206 

.8765 
.7680 

1.6720 
.5410 

1. 2010 

I.OOIO 

.77i5 
1.374 


.129 

.1645 

.1650 

.1420 

.1242 

.2707 

.0875 
.1940 
.1620 
.1235 
.2200 


16.155  percent 

16.151 

«» 

16.151 

(( 

16.167 

(( 

16.201 

C( 

16.172 

** 

16.190 

(1 

16.174 

44 

«6.i53 

«4 

16.184 

" 

16.007 

<« 

16.012 

** 

Mean,  16. 143,  db.0125 


The  determinations  made  by  Lefort.t  are  even  less  valuable  thai 
by  Moberg.  This  chemist  started  out  from  pure  barium  chromate/ 
to  thoroughly  free  it  from  moisture,  had  been  dried  for  several  h< 
250°.  The  chromate  was  dissolved  in  pure  nitric  acid,  the  barium  t 
down  by  sulphuric  acid,  and  the  precipitate  collected  upon  a  filter, 
ignited,  and  weighed  in  the  usual  manner.  ITie  natural  objection 
process  is  that  traces  of  chromium  may  be  carried  down  with  ll 
phate,  thus  increasing  its  weight.  In  fact,  Lefort^s  results  are  ao^ 
too  liigh.  Calculated  from  his  weighings,  100  parts  of  BaS04  ^'^^ 
to  the  amounts  of  BaCr04  given  in  the  third  column : 

^  This  objection  is  suggested  by  Berlin  in  a  note  upon  I«efoTt*s 
•'.  191. 

Tourn.  fnr  Prakt.  Chem.,  51,  361.    1850. 
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1.2615  gnn.  BaCrO^  gave  1.155$  g"" 

.  BaSO,. 

109.174 

'.5895 

1.4580 

109.019 

^.3255 

2.1340 

108.974 

3.0390 

2.7855 

109.  lOI 

2.3480 

2.r590 

108.754 

1.4230 

1.3060 

108.708 

«.i975 

1. 1005 

108.814 

3.4580 

31690 

109. 119 

2.0130                * 

1.8430 

109.224 

3.5570 

32710 

108.744 

1.6470 

*                1.5060 

109.363 

1.8240                * 

1.6725 

109.058 

1.6950 

1.5560 

108.933 

2.5960 

2.3870 

108.756 
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Mean,  108.9815,  ±  .0369 

'ildenstein  *  in  1853,  also  made  barium  chromate  the  basis  of  his 
irches.  A  known  weight  of  pure  barium  chloride  was  precipitated 
neutral  alkaline  chromate,  and  the  precipitate  allowed  to  settle  until 
upematant  liquid  was  perfectly  clear.  The  barium  chromate  was 
collected  on  a  filter,  washed  with  hot  water,  dried,  gently  ignited, 
reighed.  Here  again  arises  the  objection  that  the  precipitate  may 
retained  traces  of  alkaline  salts,  and  again  we  find  deduced  an 
c  wei>i^ht  which  is  too  high.  One  hundred  parts  BaCr04  correspond 
n,  as  follows : 


81.87 
81.80 
81.61 
81.78 
81.52 
81.84 
81.85 
81.70 
81.68^ 

81.54 
81.66 

81.55 
81.81 
81.86 

81.54 
81.68 


81.57 
81.75 
81.66 
81.83 
81.66 
81.80 
81.66 
81.85 

81.57 
81.83 
81.71 

81.63 
81.56 
81.58 
81.67 
81  84 

Mean,  81.702,  dt  .014 


t  in  order  we  have  to  consider  two  papers  by  Kessler,  who  em- 
a  peculiar  volumetric  method  entirely  his  own.  In  brief,  he  com- 
tb6  oxidixing  power  of  potassium  dicliromate  with  that  of  the 
m,  and  from  his  observations  deduced  the  ratio  between  the  mo- 
wdtghls  of  the  *»»  nUg. 


— ikt  Chcm.,  59,  27. 
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In  bis  earlier  paper*  the  mode  of  procedure  was  about  as  I 
Tbe  two  salts,  weighed  out  in  quantities  having  approximated) 
equivalency,  were  placed  in  two  small  flasks,  and  to  each  wai 
100  cc.  of  a  ferrous  chloride  solution  and  30  cc.  hydrochloric  acid 
ferrous  chloride  was  added  in  trifling  excess,  and,  when  action 
the  amount  unoxidized  was  determined  by  titration  with  a  standai 
tion  of  dichromate.  As  in  each  case  the  quantity  of  ferrous  chloii 
the  same,  it  became  easy  to  deduce  from  the  data  thus  obtained  ti 
in  question.  I  have  reduced  all  of  his  somewhat  complicated  ig 
a  simple  common  standard,  and  give  below  the  amount  of  ch 
equivalent  to  100  of  chlorate: 

120.118 

120.371 

120.138 

120.096 

120.241 

120. 181 


Mean,  120. 191,  ±  .028 

In  his  later  paper  f  Kessler  substituted  arsenic  trioxide  for  (I 
solution.  In  one  series  of  experiments  the  quantity  of  dichromate; 
to  oxidize  100  parts  of  the  arsenic  trioxide  was  determined,  and 
other  the  latter  substance  was  similarly  compared  with  the  d 
The  subjoined  columns  give  the  quantity  of  each  salt  proportional 
of  ASjOj : 

K^Crfi,.  KClOy 

98.95  41.156 

9S'94  \  41.116 

99.17  4«.200 

98.98  41.255 

99.08  4I.20I 

99.  <  5  41.086 

41.199 

Mean,  99.045,  d=  .028  41.224 

41. 161 
41.193 
41.149 
41.126 


Mean,  4M72,  ±.009 

Reducing  the  later  series  to  the  standard  of  the  earlier,  the  im 
bine  as  follows : 

(1)  2KCIO3  :  KjCrp,  :  :  100  :  120. 191,  d=  .028 

(2)  2KCIO3  :  KjCFjO,  :  :  100  :  120.282,  d:  .043 

General  mean 120.216,  ±:  .0235 


•  Pojfgrend.  Annalen,  95,  208     1855. 
t  Poggend.  Annalen,  113,  137.    1861. 
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I'f  detcmiinmtionH,  which  do  not  secni  to  have  attracted  genenvl 

itioii,  irw*  pul»li^h«.'d  in  IMGI.'^     Ht\  reviewing  Herlin'^  work,  found 

[upoti  reilucing  silver  clironiate  with  hydroetiloric  acid  and  alooliol, 

iromic  cliloride  solution  always  retained  tracea  of  silver  chloride 

(   it     lliese  Ciiuld  be  j^recipitatud   )»y  diUitiuii  with  water; 

iiiV  procti«8,  they  luitiirally  came  down  witli  {\w  rlinnniuni 

^xifle,  ainking  the  wtn><ht  of  the  latter  too  high  ;  hence  too  large  a 

inic  weight  of  chromium.     In  order  to  find  a  more  cor- 

rt  resorted  to  the  analysis  of  Hiihlimed,  violet,  chromic 

idc     I'hiii  8alt  ho  fut^ed  with  sodium  carhonate  and  a  little  nitre, 

Ike  fueetl  inat*a  with  water,  and  preciiJitated  from  the  resulting 

ion  ihi?  €*hlorine  Ijy  silver  nitrate  in  presence  of  nitrii'  acid.    The 

at  of  the  milver  chloride  thus  id>taiiicd,  cstimateil  after  the  Ui«ual 

jicni-e  mettn.4  for  calculating  the  atomic  weight  of  chromiuni. 

»♦  reduced  to  a  common  s^tandard,  give,  as  proportional  to  100 

of  silver,  the  quantities  of  chromic  chlorid^e  stated  in 

.L  subjoined  columns: 

♦1367  gnn,  CfCl,  gave  .6396  grm.  AgCl.  37»«J7 

36.853 
36.83S 
36.842 

36.852 
36.836 


.t!H6 

.7994 

.»S93 

.7039 

.4935 

1  3395 

58S0 

1.5SM 

.6511 

1. 76681 

SW 

t.4939« 

Mean,  36.865,  ±  .0158 

jflwlof  tlicic  fignn.v^  varies  so  widely  from  the  others  that  we  are 

tiW  in  n^jecting  it»  in  which  case  the  mean  becomes  uO.S42,  ±  .IMKil. 

picimrtalno  made  two  analyacH  of  nilver  dichromate  by  the  following 

Vi5o.    llie  salt,  dried  at  12*.)'^,  wan  diHaolvetl  in  nitric  acid.     The  diver 

Hhni  tlirown  down  by  liydrochloric  acid,  and,  in  the  iiltrate,  chro- 

byilroxide  was  precijjjtiitcd  by  ammonia.     Reduced  to  a  unifirrm 

,  we  find  from  his  results,  corresponding  to  ItX)  j»arth  of  AgCl, 

.At  in  the  iiu^t  column  : 


,7^66  grm.  Ag^CfjO,  gave  ,52202  AgCl  und  .2764  Cf,C\»  150.684 

IjO«9  *'  72J49      "  3840     **  150729 


'TVrT;,/. 


•b*  detennination  of  this  ratio  gave   151A)»:J*5.     Taking  all 
_  ihcr  as  one  series,  they  giro  a  mean  of  150.81G,  :±  ,074. 
^I»rnent;igc«  of  Cr.Oj  obtained  from  Ag,Cr,0,  are  as  follows, 
i>m  the  above  weighings: 

3S''39 
35.26J 


VIcan.  35.2005,  ±  ,0415 


•  Zcll.  GcsaiimiL  Wt^smscKftarii^,  17.  5jc», 
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Combining,  as  before,  mth  Berlin's  single  result,  giving  the  latter  equal 
weight  with  one  of  these,  we  have  a  general  mean  of  31.236,  rt  .0335. 

For  the  ratio  between  silver  ehlorlde  and  chromic  oxide,  8iewert*s  two 
analyses  of  the  dichroinate  come  out  as  follows.  For  KKl  parts  of  AgCl 
we  have  of  Cr,0, : 

52.948 
53  <5o 


Mean,  53.049,  ±  ,068 

This  figure,  reduced  to  the  standard  of  Berlin's  work  on  the  mono- 
chromate,  lieconies  2t5.525,  d:  .034,  Berlin^**  mean  was  2<),6H2,  d^  ♦0076. 
The  two  means,  conilnned,  give  a  general  mean  of  2<i.676,  d:  .074. 

By  Oaubigny*  wo  have  only  three  experiments  upon  the  Cdlcination 
of  anhydroua  ehromic  suli)hate,  as  follows: 


1.989  grm.  Crj(S04)j  gave  .7715  grm.  Cr^Og. 

3*958  **  1.535 

2.6052  "  I. Of  15  ** 


38.788  per  cent. 
38.782      - 
38. 826       •' 


Mean,  38,799,  ziz  ,0092 

Moherg  Ibund  for  tiie  same  ratio  the  percentage  39.195,  ±:  SYZH.  The 
general  mean  of  both  series,  Moborg'a  and  Baiiliigny's,  ig  3H,838,  dti  .0087. 

In  Raw.son's  work  f  ammonium  tlif  hromate  was  the  snkslanre  studied. 
Weighed  quantities  of  tliis  salt  were  dissolved  in  water,  and  then  reduced 
by  hydrocldoric  aeid  and  alcohol.  After  evaporation  to  dryness  the  mass 
was  treate<l  vvith  water  and  ammonia,  rer-vaporaleH,  dried  five  hours  at 
140^,  and  finally  ignited  in  a  mutfle.  The  residual  cliromic  oxide  was 
bright  green,  and  was  tested  to  verify  its  purity,  Tlie  eorreeted  weights 
are  as  follows : 


Am^Cr^O,. 

Crfi,, 

Percent,  Cr^Oy 

j,or275 

,61134 

60.365 

1.081S1 

.65266 

60.330 

1.29430 

^78090 

60.334 

r.  13966 

.68799 

60.368 

,98778 

.59595 

60.332 

I.i43«9 

,68987 

60.346 

Mean,  60.346,  ±^  .0046 

Latest  in  time  and  most  elaborate  of  all,  we  come  to  the  determinations 

of  the  atomic  weight  of  chromium  made  by  Meineke,t  who  studied  the 
chromate  and  ammonio-chromate  of  silver,  and  also  the  fHchromate^  of 
potassium  and  ammonium.  For  the  latter  salt  he  measured  the  same 
ratio  that  Rawsou  determined,  but  by  a  different  method.     lie  precipi- 

•Conipt.  Kend.,9S,  Md. 
tjoum.  Chcin,  Soc,  55,  Jij. 
J  Ann.  d-  Chem,,  a6i,  ,139.     1S91. 
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i8  Bolution  with  mercurous  nitrate,  and  ignited  the  precipitate, 
e  subjoined  results.    Vacuum  weights  are  given : 

Am^Cr^Oj.  Cr^O^.  Percent.  Cr^O^. 

2.0416  1. 2316  60.325 

2.1618  1.3040  60.320 

2.0823  1.2562  60.328 

2.I9I3  1. 3221*  60.335 

2.0970  1.2656  60.353 

Mean,  60.332,  zb  .0037 
Rawson  found,  60.346,  dz  .0046 

General  mean,  60.337,  zb  .0029 

chromate  of  silver,  Ag^CrO^,  and  the  ammonio-chromate, 
.4Nir„  both  prepared  with  all  necessary  precautions  to  insure 
were  first  treated  essentially  as  in  Berlin's  experiments,  except 
!  traces  of  silver  chloride  held  in  solution  by  the  chromic  chloride 
n)wn  out  by  sulphuretted  hydrogen,  estimated,  and  their  amount 
0  the  main  portion.  Thus  the  chief  error  in  Berlin's  work  was 
.  I  subjoin  the  data  obtained,  with  vacuum  standards,  as  usual, 
kleineke's  results  are  so  corrected : 


Ag^CrO,,                           AgCL 

Cr,0,, 

2.7826                              2.4047 

.6384 

3.2627                              2.8199 

.7480 

3.6362                                  3.I4«6 

.8338 

4.6781                                  4.0414 

1.0726 

32325                                  2.7930 

.7411 

3.9137                                  3.3805 

.8976 

e  we  have  the  following  ratios,  as  in  the  case 

of  Berlin 's  data: 

PercenL  Cr^O^.                      looAgCl :  Ag^CrO,. 

lOoAgCl :  Cr^C\. 

22.943                                          ii57i5 

26.548 

22.926                     s                    115.703 

26.526 

22.931                                            115-744 

26.602 

22.928                                            115-754 

26.601 

22.924                                            115.736 

26531 

22.935                                            "5-773 

26.552 

Mein,  22.931,  d=  .0019  Mean,  115.737,  d=  .0072    Mean,  26.560,  dr  .0093 

^Hn,  23.014,  ±z  .01 10  Berlin,  1 15.956,  zb  .0230 

*«an,  22.934,  i:  .0018  General  mean,  115.760,  db  .0069 

^  the  ammonio-chromate  Meineke  found  as  foUow.s  : 

Ag^CrO^.iNH^,  AgO.                            Cr^O,. 

4.1518  2.9724                              .7904 

4.2601  3.0592                              .8125 

5.9348  4.2654                            i.i3»7 


"•'•^Wkfroin  Meineke's  value  for  Cr,  to  replace  an  evident  misprint  in  the  original. 


Ptr  cent  Cr^O^. 
19.037 
19,072 
19.059 


Mean,  <9<^59»  ^  .0074    Mean,  I19.357,  rfc.iiog    Mean,  26,561, 


The  firat  of  tliese  three  analyses  is  rejected  by  Meijieke  oh  aiispickiUB. 
but  for  the  present  I  shall  allow  it  to  reiiiain.  The  data  in  the  thirtl 
coliiinii  may  now  he  cunihined  with  the  corresponding  figures  from  the 
normal  chroiiuite,  aa  found  by  Meineke  and  his  predecessors. 

Berlin. ......,, 26.682,  i  .0076 

Siewert,  from  AgjCfjO,,  26.525,  ^  .0540 

Memckc,  from  Ag^CrO^  ,  . ,  26.560,  =fc  .0093 

Mcinckc,  fmm  AgjCrO^.^NHj 36.561,  db  .of  15 


General  mean 


26^630,  i  -OO5J 

4AgCl  :  Cr,0,  :  :  100  :  26.620,  zb  -OO52 

Obviou?*Iy,  this  mean  is  vitiated  by  the  known  error  in  BerlinVs  work^ 
the  ultimate  effect  of  whieli  is  yet  to  be  considered. 

In  all  four  of  the  saltd  studied  by  Meineke  he  determined  volumetric- 
ally  the  oxygen  in  excels  of  the  nunnal  oxides  by  measuring  the  amount 
of  iodine  liberateil  in  acid  solutions.  With  the  silver  salts  the  proce^ 
was  essentially  as  fidlows  :  A  weighed  rpiantity  of  the  chromate  was  dis- 
solved in  weak  ammonia,  and  the  solution  was  |irecipitated  with  poUvs- 
sium  iodide.  After  the  silver  iodide  had  been  filtered  Dt!\  live  or  six 
grammes  of  potassium  iodide  were  added  to  the  filtrate,  which  was  then 
acidulated  with  [ihosplioric  acid  and  a  little  sulpliuric.  The  Fdierated 
iodine  was  then  titrated  with  sodium  thiosulphate  solution,  which  had 
been  standardized  by  means  of  pure  iodine,  prepared  by  Stas^  methixl. 
From  the  io«line  thus  measured  the  excessive  oxygen  was  comput<rd,and 
from  that  datum  the  atomic  weight  of  chromium  was  found.  For  pre^ 
ent  purposes^  however,  tlie  data  may  be  used  more  directly,  as  giving  the 
ratios  \^ :  Ag^CrO^  and  I, :  Ag^CrO^,4NH,.  Thus  treated,  the  weights  an* 
as  Mlows,  reduced  to  a  vacuum.  Rin-koning  the  salt  as  100,  the  third 
column  gives  the  percentage  of  iodine  liberated: 


^rtCrO^. 

ISei  Free. 

Percentage, 

.43»38 

.50251 

U4.628 

.90258 

>.oj43^ 

i«4.595 

.89858 

1.02980 

1 14  603 

.89868 

1.0307J 

114.693 

Mc;»n.  J  14,630.  i--  .OJ5 
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The  next  series,  obviously, 

gives  the  ratio  I, 

:  Ag,CrO,.4NH,. 

Ag^CrO.iNH^, 

I  Set  Free. 

Percentage* 

.54^56 

.51784 

95.267 

.54856 

.52046 

94.877 

.54926 

.52322 

95.258 

.54906 

.52376 

95.392 

.54466 

.51910 

95.307 

.54536 

.51891 

95.150 

Mean,  95.208,  rfc  .0497 


In  dealing  with  the  two  dichromates  Meineke  used  the  acid  potassium 
odate  in  place  of  potassium  iodide,  the  chromate  and  the  iodate  reacting 
nthe  molecular  ratio  of  2 : 1.  The  thiosulphate  was  standardized  by 
oeans  of  the  acid  iodate,  so  that  we  have  direct  ratios  between  the  latter 
nd  the  two  chromates.  The  data  are  as  follows,  with  the  amount  of 
«^te  proportional  to  one  hundred  parts  of  the  dichromate  in  the  third 
t)lumn : 


K,Cr,0,, 


KHI^O^. 


Percentage. 


.25090 

.16609 

66.198 

.25095 

.16613 

66.200 

.25078  . 

,  .16601 

66.197 

.24979 

.16541 

66.220 

.24987 

.16540 

66.192 

.24966 

.16543 

66.262 

.25015 

.16559 

66.196 

.25012 

.«6559 

66.204 

.24977 

.16546 

66.245 

.25034 

.16572 

66.198 

.25025 

.16567 

66. 202 

.25015 

.16568 

66.234 

Mean,  66.212,  ± 

Am^Cr^Oy 

KHIfi^. 

P&r cent  age. 

.21457 

.16584 

11.^9^ 

.21465 

.16588 

ll'-^l^ 

.21464 

.16584 

77.264 

.21416 

.i6543 

77.246 

.21447 

.16564 

77.232 

.21427 

.16559 

77.281 

.22196 

.17152 

77.272 

.22194 

.17151 

77278 

.22180 

.»7«39 

77  272 

• 

Mean,  77.268,  ± 

.0044 


.0041 


Ifi^^  "fttrw  arc  not  wholly  in  accord  with  the  percentages  of  oxygen  computed  by  Meineke. 
'""'1  that  there  is  a  misprint  among  his  data  as  published,  probably  in  the  second  expcri- 


■«.l*tl 


«*niiot  trace  it  with  ccrUinty. 
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The  following  ratios  are  now  available  for  computing  the  atomic  weight 
of  chromium : 

(i.)  Percentage  CfjOj  from  Ag,Cr04,  22.934,  ±  .0018 
(2.)  Percentage  Cr,Os  from  AgjCrjO^,  35.236,  ±  .0335 
(3.)  2AgCl :  AgjCrO^  :  :  lOO  :  1 15.760,  zfc  .0069 
'  (4.)  2AgCl  :  AgjCVjOy  :  :  100  :  1 50.8 1 6,  rb  .074 

(SO  4AgCl  :  Cr,0,  :  :  100  :  26.620,  ±  .0052 
(6.)  Percentage  Cr,0,  in  Cr,(S04)3,  38.838,  dr  .0087 
(7.)  Percentage  Cr,0,  in  AmCr(S04),.i2H,0,  16.143,  ^  .o«25 
(8.)   BaSO^  :  BaCrO^  :  :  100  :  108.9815,  ±  .0369 
(9.)  BaCrO^  :  BaCl^  :  :  lOO  :  81.702,  ±  .014 
(10.)  3AgCl  :  CrCl,  :  :  lOO  :  36.842,  ±  .0031 
(II.)  2KC10j  :  KjCrjOy  :  :  100  :  120.216,  d=  .0235 
(12.)  Percentage  CrjO,  in  Ag,Cr04.4NH8,  19.059,  rh  .0074 
(13  )  2AgCl  :  Ag,Cr04.4NH5  ;  :  100  :  139357,  =fc  ."09 
(14.)  Percentage  Qrfi^  in  AmjCrjO^,  60.337,  d=  .0029 
(»5.)  AgjCrO^  :  3I  :  ;  100  :  II4.630,  d=  .015 
(16.)  Ag,Cr04.4NHj  :  3I  :  :  100  :  95.208,  ±  .0497 
(17.)  2KjCr,OT  :  KHI,Oj  :  :  100  :  66.212,  d=  .0044 
(18.)  2AmjCr,0^  :  KHI^O,  :  :  100  :  77.268,  rh  .0041 

The  antecedent  values  to  use  in  the  reduction  are — 

0  =   15  879,  lb  .0003  s       —  31.828,  ±:  .0015 

Ag  —  107.108,  rfc  .0031  N         =     13.935,  ±  .0021 

CI   =    35,179.  ±  .0048  Ha      :=  136.392,  ±  .0086 

1  7=  125.888,  =b  .0069  AgCl  =  142.287,  dz  .0037 
K   -=    38.817,  ifc.0051 

For  the  molecular  weight  of  Cr^O^,  seven  values  are  now  calculable,  as 
follows : 

From  (i) Cr^Oj  =  151. 120,  ±  .0130 

From  (2) "  —  151. 105,  db  .1636 

From  (5) "  -^  151.507,  dr  .0299 

From  (6) *'  =151.384,1^.0341 

I^rom  (7) -  =  153.756,  db  .1205 

From  (12) "  —  151.478,  rh  .0606 

From(i4j "  —151.190,1+2.0110 

General  mean ^r-/^i  "=  '5i'229,  db  .0039 

For  silver  chromate  there  are  two  values — 

From  (3) Ag.^Cr04  =  329  423,  ±  -OigS 

From  (15) *'         =329.464,^.0467 

General  mean Ag./'rO^  =  329.430,  rb  .0180 

And  for  the  iinimonio-chromate  we  have — 

From  (13) Ag2CrO,.4NH3  =  396.574,  ±  -3158 

From  (16) •*  =396.673,42.2082 

General  mean  ....   AgjCr04.4NH3  r=  396.647,  4^  .1738 
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From  (4) Ag,Cr,0^  =  429.177,  =b  .2109 

From  (10) CrClj  =  157.266,  dr  .0113 

From  (18) Am,Cr,0^  =  250.341,  dr  .0164 

For  the  molecular  weights  of  K,Cr,0^  and  BaCrO^  there  are  two  esti- 
mates each,  as  given  below : 

From  (II) KjCtjO^  =  292.433,  ±z  .0189 

From  (17) "        =292.143,^.0224 

General  mean K,Cr,Oy  =  292.311,  ifc  .0144 

From  (8) BaCrO^  =  252.549,  d=  .0966 

From  (9) "       =253.054,1^.0377 

General  mean BaCrO^  ■=  252.985,  ±  .035 1 

Finally,  from  these  molecular  weights,  eight  independent  values  are 
ohtained  for  the  atomic  weight  of  chromium  : 

From  Cr,Oj Cr  =  51.796,  d:  .0039 

From  AgjCrO^ "  =  51. 698,  ±:  .0191 

From  AgjCrO^,  4NH, *'  =  5«.I75,  ±  .174' 

From  Ag,Cr,0, ««=  51.904,  =b  .1055 

From  AmjCr^O, '*  =  Si-659,  db  .0085 

From  K,Cr,0, "=  51.762,  =b  .0102 

From  CrCIj **  =51.729,  rb  .0183 

From  BaCrO^ **  —  53.077,  db  .0362 

General  mean Cr  =  51.778,  dr  0032 

If  0  =  16,  Cr  =  52.172. 

Rejecting  tlie  last  of  the  eight  values,  that  from  barium  chromate,  the 
mean  becomes — 

0  =  51.767,  ±z  .0032. 

Even  this  result  is  probably  too  high,  for  it  includes  ratios  which  are 
certainly  erroneous,  and  which  yet  exert  appreciable  weight.  From  the 
ratios  which  are  reasonably  concordant  a  better  mean  is  deriv{ible,  as 
follows : 

From(i) 0-^51.741,^.0065 

From  (2) ''   —  51.734,  db  .0818 

From  (14) ''  —  51.776,  d=  .0055 

From  (3)  and  (15) "—51.698,^.0191 

From  (4) **  =  51.904,  rb  .1055 

From  1 10) •*   —51.729,^1.0183 

From  (18) •'    -r  51.659,  rb  .0085 

From  (11)  and  (17) ♦'  —  51.762,  rb  .0102 

General  mean Cr  rzr  51.742,  db  .0034 

If  0  =  10,  this  becomes  r)2.1')(),  a  value  which  is  ]>robably  not  very 
far  from  the  truth. 


he  inaccurate  deterniination  made  by 
Berzelius  *  we  shall  fiml  that  tlie  data  for  the  aU^niic  weight  of  molyJi- 
deiuiiii  lead  to  two  imJe|)eodtnt  estitoatei^i  of  its  value — one  near  92^  the 
other  near  96.  The  earlier  results  found  by  Berlin  and  by  Svanbet^  and 
Strnve  lead  to  the  lower  number;  the  more  recent  in vesti^ations,  to- 
gether witli  considerations  based  upon  the  periodic  law,  point  conclu* 
lively  to  the  higher. 

The  earliest  investigation  which  we  need  especially  to  consider  is  that 
of  Svanberg  and  Struve.t  These  cheniists  tried  a  variety  of  different 
methods,  but  finally  based  their  cunclusions  upon  the  two  following: 
First,  molybdenum  trioxide  was  fused  wuth  potassium  carboiiate,..and 
the  carbon  dioxide  which  was  expelled  was  estimated  ;  secondly,  molyb- 
denum disulphidc  was  converted  into  the  trioxide  by  roasting,  and  the 
ratio  between  the  weight^s  of  the  two  substances  was  deterrained. 

By  the  first  method  it  was  found  that  10<)  parts  of  MoO,  will  expel  the 
following  quantities  of  CO^: 

3'.49S4 

31^3749 

31-4705 


Mean,  31.4469,  =h  .0248 

Tlie  carbon  dioxide  was  determined  simply  from  the  loss  of  weight 
when  the  weighed  quantities  of  trioxide  and  carbonate  were  fused  to- 
gether. It  is  plain  that  if,  under  the^e  circumstances^  a  little  of  the 
trioxide  should  be  volatilized^  the  total  loss  of  weight  would  he  slightly 
increased.  A  constant  error  of  this  kind  >vouId  tend  to  bring  out  the 
atomic  weight  of  molybdenum  too  low. 

By  the  second  method,  the  convei*sion  by  roaisting  of  MoS,  into  MoO„ 
Svanberg  and  Slruve  obtained  these  results,  Tw^o  samples  of  artificial 
disulidiide  were  taken,  A  and  B,  and  yielded  for  e;ich  hundred  parts  the 

following  of  trioxide : 

89.79191  A 


89,729 

89.6436 1 

89.70^2 

89,7660 

89,7640 

89.8635 


K 


Mean,  89.7525,  ±  ,0176 

Three  other  experimerts  in  series  B  gave  divergent  result*,  and,  al- 
though published,  are  rejected  by  the  authors  themselves*     Hence  it  is 


•  PoRRUtid.  Atinalrn,  8,  i.     1826. 
+  Jourii.  nir  PrakL  Chcni.,  44,  joi. 
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\^  '»ein  in  this  discussion.     We  again  encounter  in 

^  'cc  of  constant  error  which  apparently  vitiates 

the  possible  volatilization  of  the  trioxide. 


^"^^^  '   tend  to  reduce  the  atomic  weij^ht  of 


'•<£>. 


tf- 


'^.aj%'  **  Mo  r=  91.25 

'^  .eries Mo  •=  92.49 

*%,  .aer  than  Svanberg  and  Struve,  determined  the  atomic 

*^:  jbdenum  by  igniting  a  niolyhdate  of  ammonium  and 

.iC  residual  MoO,.     Here,  again,  a  loss  of  the  latter  by  vola- 

.11  may  (and  probably  does)  lead  to  too  low  a  result.     The  salt 

.a  was  (NH.XMojO^.SII^O,  and  in  it  these  percentages  of  MoO,  were 

foand : 

81.598 
81.612 
81.558 
81.555 

Mean,  81.581,  ib  .0095 

Hence  Mo  =  91.559. 

Until  1859  the  value  92  was  generally  accej)ted  on  the  basis  of  the  fore- 
going researches,  but  in  this  year  Dumas  t  published  some  figures  tend- 
ing to  sustain  a  higher  number.  He  prepared  molybdenum  trioxide 
by  roasting  the  disulphide,  and  then  reduced  it  to  metal  by  ignition  in 
hjdrofiien.  At  the  beginning  the  hydrogen  was  allowed  to  act  at  a  com- 
ptntively  low  temperature,  in  order  to  a\'X)id  volatilization  of  trioxide; 
butatthe  end  of  the  operation  the  heat  was  raised  sulliciently  to  insure 
t  complete  reduction.  From  the  weighings  I  calculate  the  percentiiges 
J     ofmetelin  MoO,: 

.448  gnu.  MoO,  gave  .299  grm.  Mo. 
.484  "  .323 

.484  **  .322 

.498  "  .332 

559  *•  .373 

.388  «'  .258 

Mean,  66.649,  rh  .030 

In  1868  the  same  method  was  employed  by  Debray.J  His  trioxide 
'*•  purified  by  sublimation  in  a  platinum  tube.  His  ]>ercentages  are 
wfcllowg: 

5.514  grm.  MoO,  gave  3.667  grm.  Mo.  66.503  per  cent. 

7.910  "  5.265         *•  61.561       •* 

9.031  "  6.015         "  66604       ** 


66.741  ] 

per  cent, 

66.736 

66.529 

66.667 

66.726 

66.495 

Mean,  66.556,  zt  .020 


•  Jourti.  fQr  Prakt.  Chcni.,  49,  444.    1850. 
tAnn.  Chem.  Pharm..  105,  84,  and  113,  23. 
tCompt.  Rend.,  66,  734. 
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For  the  same  ratio  we  have  also  a  single  experiment  hy  Hanimelsberg,* 
who,  closely  folluwing  Diimas^  inethud,  fomxl  in  niolybdenmn  trioxide 
IjG.7U8  per  cent,  nf  metal.  As  thit^t  figure  fulls  within  the  lioiiu-^  of  Dumaa* 
series^  we  may  assign  it  equal  weight  with  one  experiment  in  the  latter. 

Dehray  also  nia^ie  twu  ex|>erinient.s  nj>on  tlie  preeipitation  of  molyb- 
rlenum  trioxide  in  ainnioaiacal  solution  hy  nitrate  of  silver.  In  his  re- 
sults, as  publiKhed^  there  iseurioUB  discrepancy,  which^  I  have  no  doubt, 
iadue  to  a  typographical  error.  These  resultn  I  am  therefore  compelled 
to  leave  out  of  eonsi deration.  They  could  not,  however,  exert  a  very 
profound  inllnence  u[K)n  the  final  diecus«ian. 

In  ISTo,  1-olhar  Meyer  f  discussed  the  analyses  made  hy  Liechti  aiid 
Kemp  X  of  four  ehlorides  of  molylnlennm,  and  in  the  former  edition  of 
this  work  the  same  data  were  considered  in  detail  The  analyses,  )»ow- 
ever,  were  not  intended  as  determinations  of  atomic  wei^'ht,  and  since 
good  deterrjiinations  liave  been  more  recently  i»uhli**hed,  the  work  on 
the  chlorides  will  l»e  oniittL»d  from  further  eonsidcratioiL  It  is  enough 
to  state  here  that  tliey  gave  values  for  Mo  ranging  near  1)6,  both  above 
and  below  that  number^  with  an  extreme  range  of  over  eight-tenths  of  a 
unit 

In  1893  the  detenni nations  by  Smith  and  Maas  appeared » |  represent- 
ing an  entirely  new  method.  iSodium  tnolybdate,  purified  by  many  re- 
crystallizations  and  allerwards  dehydrateil,  was  heat+nl  in  a  current  of  ' 
pure,  dry,  gn^eou^  hydrochloric  acid.  The  compound  MoOa/iHCI  was 
thus  distilled  off,  arnl  the  Ho<lium  molyhdate  was  quantitati\'ely  trans- 
formed into  sodium  chloride.  Tlie  latter  salt  was  afterwards  carefully 
examined^  and  proved  to  be  free  from  molybdenum.  Tliedata,  with  all 
weights  reduced  to  a  vacuum  standard,  are  subjoined: 


ra^MoOi, 

NaCL 

Percent.  NaCl. 

1,14726 

.650S7 

56.733 

.89920 

.51023 

56.743 

•70534 

.400 JO 

56.739 

•70793 

.40182 

56760 

1.36347 

.71695 

56.745 

1.15217 

^65367 

56.734 

.90199 

.Sn88 

56750 

.81692 

.46358 

56.747 

.65098 

.3694a 

56.748 

.S056J 

^45717 

56747 

Mean,  56.745,  dr  .0017 


In  1895,  Seubert  and  Pollard  ||  determined  the  atomic  weight  of  mo- 

•  Berlin  Monaubcrichl,  1877,  p.  574. 
tAnn.  ChrtM,  Phann.,  169.365,     1873, 
I  Aow.  Chcm.  PhHrra.,  169.  344, 
I  Joiim,  Anier.  Chew.  Soc..  15,  397.    1893, 
r  Zeitftcb.  Anorir,  Chem.,  8.  434*    i^5. 
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num  by  two  methods.  First,  the  carefully  purified  trioxide,  in 
ed  amounts,  was  dissolved  in  an  excess  of  a  standard  solution  of 
c  soda.  This  solution  was  standardized  by  means  of  hydrochloric 
which  in  turn  had  been  standardized  gravi metrically  as  silver 
de.  Hence,  indirectly,  the  ratio  2  AgCl :  MoO,  was  measured.  Sul- 
c  acid  and  lime  water  were  also  used  in  the  titrations,  so  that  the 
process  was  rather  complicated.  Ignoring  the  intermediate  data, 
id  results,  in  weights  of  MoO,  and  AgCl,  were  as  follows.  The  third 
m  gives  the  MoO,  proportional  to  100  parts  of  AgCl : 


MoO^, 

AgCL 

Ratio. 

3.6002 

7.«709 

50.206 

3.5925 

7.1569 

50.196 

3.73" 

7.4304 

50.214 

3.8668 

7.701 1 

50.211 

3.9361 

7.8407 

50.201 

3.8986 

7.7649 

50.208 

39630 

7.8941 

50.202 

3.9554 

7.8806 

50.192 

3.9U7 

7.7999 

50.189 

3.8543 

7.6767 

50.208 

3.9367 

7.8437 

50.190 

Mean,  50.202,  dz  .0018 

he  second  method  adopted  by  Seubert  and  Pollard  was  the  old  one 
educing  the  trioxide  to  metal  by  heating  in  a  current  of  hydrogen. 
5  weights  and  percentages  of  metal  are  subjoined  : 


MoO^, 

Mo, 

Per  cent. 

1.8033 

1. 2021 

66.661 

1.9345 

1.1564 

66.670 

3.9413 

2.6275 

66.666 

1-5241 

1.0160 

66.662 

4.0533 

2.7027 

66.679 

Mean,  66.668,  rb  .0022 

*hi8  mean  may  be  combined  with  the  results  of  previous  investigators, 
OS: 

Dumas 66.649,  ±i  .0300 

Debniy 66. 556,  rb  .0200 

RAmmelsberg 66.708,  ±  .0680 

Senbeit  and  Pollard 66  668,  zb  .0022 

General  mean 66.665,  i  .0022 

I^Bl  d&ta  of  Seubert  and  Pollard  alone  exert  any  appreciable 
itet&nninationi  tnarte  previoua 
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three  ratios  from  which  to  compute  the  atomic  weight  of  molybd 

viz : 

(i.)  Percentage  Mo  in  MoO„  66.66$,  d=  .0022. 
(2.)  2AgCl  :  M0O3  :-:  lOO  :  50.202,  dr  .0018 
(3.)  2NaCl  :  Ma,MoO^  :     56.745,  rb  .0017  :  lOO. 

These  involve  the  following  values  : 

O    =15.879,  ±.0003  AgCl  =  142.287,  dtr  .0037 

Na  =  22.881,  zt  .0046  NaCl  =    58.060,  d=  .0017 

Hence  for  the  atomic  weight  in  question — 

From  (I) Mo  =  95.267,  d=  .0072 

From  (2) **   ==  95.225,  =b  .0064 

From  (3) *«  =  9^357,  dtr  .0126 

General  mean ^ Mo  =  95.259,  dtr  .0045 

With  0  =  16,  Mo  =  95.985. 

This  value  is  essentially  that  derived  from  Seubert  and  Pollard'i 
alone.  Reducing  the  latter  to  a  vacuum  would  affect  the  resuli 
slightly — so  slightly  that  the  correction  may  be  ignored. 
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The  atomic  weight  of  tungsten  has  been  determined  from  analyses  oi 
the  trioxide,  the  hexchloride,  and  the  tungstates  of  iron,  silver,  and 
barium. 

The  composition  of  the  trioxide  hj^.been  the  subject  of  many  investi- 
gations. Malaguti  *  reduced  this  substance  to  the  blue  oxide,  and  from 
the  difference  between  the  weights  of  the  two  compounds  obtained  a 
result  now  known  to  be  considerably  too  high.  In  general,  however, 
the  method  of  investigation  has  been  to  reduce  WO,  to  W  in  a  stream 
of  hydrogen  at  a  white  heat,  and  afterwards  to  reoxidize  the  metal,  thus 
getting  from  one  sample  of  material  two  results  for  the  percentage  of 
tungsten.  This  method  is  probably  accurate,  provided  that  the  trioxide 
used  be  pure. 

The  first  experiment^  which  We  need  consider  are,  as  usual,  those  of 
Berzelius.t  899  parts  WO,  gave,  on  reduction,  716  of  metal.  676  of 
metal,  reoxidized,  gave  846  WO,.  Hence  these  percentages  of  W  in 
WO,: 

79.644,  by  reduction. 
79.905,  by  oxidation. 

Mean,  79.7745»  ±  -O^So 

These  figures  are  far  too  high,  the  error  being  undoubtedly  due  to  the 
presence  of  alkaline  impurity  in  the  trioxide  employecT. 

Next  in  order  of  time  comes  the  work  of  Schneider,  J  who  with  char- 
acteristic carefulness,  took  every  precaution  to  get  pure  material.  His 
percentages  of  tungsten  are  as  follows : 

Reduction  Series. 
79.336 
79254 
79.312 
79.326 
79.350 


Mean,  79.3156 

Ox  id  a  Hon  Series. 

79329 
79324 
79.328 


Mean,  79.327 
Mean  of  all,  79.320,  dr  .0068 


•  Journ.  far  Prakt.  Chcra.,  8,  179.     1836. 

fPoggend.  Annalen,  8,  i.     1826. 

X  Journ.  far  Prakt.  Chem,,  50,  152,     1^50. 


N 
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•Closely  agreeing  with  these  figures  are  those  of  Marchand,* 
in  the  following  year : 

Reduction  Series, 

79.307 
79.302 


Mean,  793045 
Oxidation  Series, 

79.321 
79.352 


Mean,  7933^5 
Mean  of  all,  79.3205,  i  .0073 

The  figures  obtained  by  v.  Borch  f  agree  in  mean  tolerably 
the  foregoing.    They  are  as  follows : 

Reduction  Series, 

79.310 
79.212 
79.289 

79.313 
79225 
79.290 
79.302 


Mean,  79.277 

Oxidation  Series, 

79.359 
79.339 


Mean,  79.349 
Mean  of  all,  79.293,  d:  .0108 

Dumas  %  gives  only  a  reduction  series,  based  upon  trioxide 
by  the  ignition  of  a  pure  ammonium  tungstate.     The  redu< 
effected  in  a  porcelain  boat,  platinum  being  objectionable  on  at 
the  tendency  of  tungsten  to  alloy  with   it.      Dumas   publia 
weighings,  from  which  I  have  calculated  the  percentages : 

2.784  grm.  wo,  gave  2.208  grm.  W. 

2.994  "  2.373  " 

4.600  "  3.649  •* 

.985  "  .781  " 

.917  "  .727  •* 

.917  "  .728  '* 

1. 717  **  1.362  ** 

2.988  '*  2.370  ** 

Mean,  79.312,  i  .009 

*  Ann.  Chem.  Pharm.,  77,  a6i.    1851. 
t  Journ.  far  Prakt.  Chem.,  54, 154.    i^«r* 
t  Ann.  Chem.  Pharm.,  X13,  23.    i860. 


79.310  per  cent 

79.259 

«i 

79.326 

i( 

79.289 

<i 

79.280 

<4 

79.389 

« 

79.324 

« 

79.317 

l< 
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e  data  furnished  by  Bernoulli  *  diflPer  widely  from  those  just  given. 

chemist  undoubtedly  worked  with  impure  material,  the  trioxide 

ig  a  greenish  tinge.     Hence  the  results  are  too  high.    These  are  the 

intaj^es  of  W : 

Reduction  Series. 

79.556 
79.526 

79.553 
79.558 
79-549 
78.736 

Mean,  79.413 

Oxidation  Series. 

79.558 
79.656 
79.555 
79.554 


Mean,  79.581 
Mean  of  all,  79.480,  ±  .056 


)  reduction  experiments  by  Persoz  \  give  the  following  results  : 

1.7999  grm.  wo,  gave  1.4274  grm.  W.  79. 304  per  cent. 

2.249  *'  ".784        "  79.3^      *' 


Mean,  79.314,  ±.  .oyj 

Jxt  in  order  is  the  work  done  by  Roscoe.  J  This  chemist  used  a 
elain  boat  and  tube,  and  made  six  weighings,  after  successive  reduc- 
3  and  oxidations,  with  the  same  sample  of  7.884  grammes  of  trioxide. 
Je  weighings  give  me  the  following  ?iVQ  percentages  which,  for  the 
'  of  unifonnity  with  foregoing  series,  I  have  classified  under  the 
&l  separate  headings : 

Reduction  Series. 

79.196 

79.285 

79308 


Mean,  79.263 

Oxidation  Series. 

79.230  . 
79299 


Mean,  79.2645 
Mean  of  all,  79.264,  dr  .0146 

^Poggend.  Annalen,  xzx,  573.    if 
f  Zett.  Anal.  Chetn.,  3,  a6o.    186 
X  Aan.  Chem.  PhamL,  t6a 
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In  Waddeirs  experiments*  especial  precautions  were  taken  to  pro- 
cure tungstic  oxide  free  from  silica  and  molybdenum.  Such  oxide, 
elaborately  purified,  was  reduced  in  hydrogen,  with  the  following  results : 

1.4006  grm.  WO3  gave  1. 1 115  W.       79-359  per  cent. 

.9900      '*       .7855  "        79.343   " 
1. 1479      "      .9110  "       79-3^2   " 

.9894      *•      .7847  **       79.3"   " 
4.5639      ^  3.6201  **       79.320   " 

79.339,  db  .0069 

The  investigation  by  Pennington  and  Smith  f  started  from  the  sup- 
position that  the  tungsten  compounds  studied  by  their  predecessors  had 
not  been  completely  freed  from  molybdenum.  Accordingly,  tungstic 
oxide,  carefully  freed  from  all  other  impurities,  was  heated  in  a  stream 
of  gaseous  hydrochloric  acid,  so  as  to  volatilize  all  molybdenum  as  the 
compound  M0O3.2HCI.  The  residual  WO,,  was  then  reduced  in  pure 
hydrogen,  and  the  tungsten  so  obtained  was  oxidized  in  porcelain 
crucibles.  Care  was  taken  to  exclude  reducing  gases,  and  the  trioxide 
was  finally  cooled  in  vacuum  desiccators  over  sulphuric  acid.-  The  oxida- 
tion data  are  as  follows,  with  the  usual  percenUige  column  added.  The 
weights  are  reduced  to  a  vacuum : 


Tungsten. 

Oxygen  Gained. 

Percentage, 

.862871 

.223952 

79.394 

.650700 

.168900 

79.392 

.597654 

.155143 

79.390 

.666820 

.173103 

79.391 

.428228 

.111168 

79.390 

.671920 

.174406 

79.392 

.590220 

.153193 

79.394 

.568654 

.147588 

79.394 

1.080973 

.280600 

79.392 

Mean,  79-392,  ±  .0004 

With  O  =  16,  this  series  gives  \V  =  184.92. 

The  very  high  value  for  tungsten  found  by  Pennington  and  Smith, 
nearly  a  unit  higher  than  that  which  was  commonly  accepted,  seems  to 
have  at  once  attracted  the  attention  of  Schneider,^  wlio  criticised  the 
paper  somewhat  fully,  and  gave  some  new  determinations  of  his  own. 
The  tungsten  trioxide  employed  In  this  new  investigation  was  heated  in 
giweous  hydrochloric  acid,  and  the  absence  of  molybdenum  was  proved. 
The  data  obtained,  both  by  reduction  and  by  oxidation,  are  as  follows: 

•Am.  Chem.  Journ.,  8.  280.     1886. 

t  Read  before  the  Amer.  Philos.  Soc,  Nov.  2,  1894, 

X  Journ.  fOr  Prakt.  Chem.  (2),  53.  288.     1896. 
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Reduction  Series, 

2.0738  grm.  WO5  gave  1.6450  W.      •  79.323  per  cent. 

4.0853  *'  3.2400  "  79-309       '* 

6.1547  "  4.881 1   "  79.307       " 

Oxidation  Series, 

1.5253  grm.  W  gave  1.9232  WO,.  79.311  per  cent. 

3.1938  *'  4.0273     "  79.304       '* 

4.7468  *'  5.9848     "  79.314       " 

Mean  of  all,  79.311,  ±.  .0018 

Hence  with  0  =  16,  W  =  184.007. 

In  order  to  account  for  the  difference  between  this  result  and  that  of 
Pennington  and  Smith,  an  impurity  of  molybdenum  trioxide  amounting 
to  about  one  per  cent,  would  be  necessary.  Schneider  suggests  that  the 
quantities  of  material  used  by  Pennington  and  Smith  were  too  small,  and 
that  there  may  have  been  mechanical  loss  of  small  particles  during  the 
long  heatings.  Such  losses  would  tend  to  raise  the  atomic  weight  com- 
puted from  the  experiments.  On  the  other  hand,  the  losses  could  hardly 
have  been  uniform  in  extent,  and  the  extremely  low  probable  error  of 
Pennington  and  Smith's  series  renders  Schneider's  supposition  improb- 
able.    The  error,  if  error  exists,  must  be  accounted  for  otherwise. 

Since  Schneider's  paper  appeared,  another  set  of  determinations  by 
Shinn  *  has  been  published  from  Smith's  laboratory.  Attempts  to  verify 
the  results  obtained  by  Smith  and  Desi  having  proved  abortive,  and  other 
experiments  having  failed,  Shinn  resorted  to  the  oxidation  method  and 
gives  the  subjoined  data.     The  percentage  column  is  added  by  myself: 

.22297  grm.  W  gave  .28090  WO,.  79-377 

.17200            •*            .21664    "  79-394 

.10989            "            .13844    '•  79-377 

.10005            •♦            .12598    '•  79.417 

Mean,  79.391,  zh  .0066 

This  fi<];ure  is  very  close  to  that  found  in  Pennington  and  Smith's  series, 
and  therefore  serves  as  a  confirmation.  Tlie  discordance  between  these 
results  and  Schneider's  is  still  to  be  explained. 

There  are  still  other  experiments  l)y  Riche,t  which  I  have  not  been 
able  to  get  in  detail.  They  cannot  be  of  any  value,  however,  for  they 
give  to  tungsten  an  atomic  weight  of  about  ten  units  too  low.  We  may 
therefore  neglect  this  series,  and  go  on  to  combine  the  others : 

Berzelius 79-7745,  rh  .0880 

Schneider,  1850    79-320,     dr  .0068 

Marchand 793205,  ±:  .0073 

V.  Borch 79-^93,    =t  .0108 

Dumas 79-3' 2,    ih  .0090 

•  Doctoral  thesis.,  University  of  Pennsylvania,  1896.     "  The  atomic  mass  of  tungsten." 
t  Journ.  filr  Prakt.  Chem.,  69,  10.     1857. 


Bernoulli ,  , .  79.480, 

Persoz. 79*3M» 

Roscoe , * . . .    .    79. 2^, 

Waddell 79319. 

Pennington  and  Smith ,, 79.392| 

Schneider,  1896 ........  79.3*  r, 

SUinn 79*J9*» 


General  mean 79.^88,    d:  *oop59 


Here  the  work  of  Pennington  and  Smith  vastly  outweighs  everything 
else;  and  if  their  Biipposition  as  to  the  presence  of  molyhdenum  in  all 
the  previous  inve^i ligations  is  correct,  this  result  is  to  be  accepted. 

The  rejection  of  the  figures  given  by  Berzeliu^  and  by  Benioulli  would 
exert  an  unimportant  influence  upon  the  final  re^iuh.  There  is,  there- 
fore»  no  practical  objection  to  retaining  them  in  the  discussion. 

In  1861  Scheibler*  deduced  the  atomic  weight  of  tungsten  from 
analyses  of  barium  metatuntrstate^  Ba0.4WO,,9H/!).  In  four  experi- 
ments he  estimated  llie  barium  as  sulphate,  getting  closely  concordant 
results,  which  were>  however,  very  far  too  low*  These,  therefore,  are  re- 
^  jected.     But  from  the  percentage  of  water  in  the  siilt  a  better  result  was 

^^     attained.     The  percentages  of  water  are  as  follows : 


13.0SJ 

13*054 

13.010 
13.022 

Mean,  13.0368,  dr  .0060 


The  work  of  Zcttnow.f  published  in  1867,  was  somewhat  more  com- 
plicated than  any  of  the  foregoing  researches.  He  prejrared  the  pure 
tungstates  of  silver  and  of  iron,  and  from  their  comj»osition  determine<l 
t]»e  atomic  weight  of  tungsten. 

In  the  case  of  the  iron  salt  the  method  of  working  was  this:  The 
pure,  artificial  FeWO^  was  fused  with  sodium  carhonatt%  the  resulting 
sodium  tungstate  was  extracted  by  water,  and  the  thoroughly  washed, 
residual  ferric  oxide  was  dissolved  in  hydrochloric  acid.  This  sohition 
was  then  reiluced  by  zhic,  and  titrated  for  iron  with  potassium  perm  an* 
ganate.  Corrections  were  applied  for  the  drop  in  excess  of  perman* 
ganate  needed  to  profluce  distinct  reddening,  and  for  the  iron  contained 
in  the  zinc.  1L0->G  grammes  of  the  latter  metal  contained  iron  corr^ 
sponding  to  O.G  cc.  of  the  standard  solution.  The  permanganate  was 
standardized  by  comparison  with  pure  animonium-ferrous  sulphate* 
Am.^Fe(S0J^.6H,0,  so  that,  in  point  of  fact,  Zettnow  establislies  directly 
only  the  ratio  l>etween  that  salt  and  the  ferrous  tungstate.  From  Zett 
now  s  four  experiments  in  standardizing  I  find  that  1  cc.  of  bis  solution 


•  Jowm.  fftr  Prakt.  Chem.t  «i,  514, 
f  tH>ggend.  Annalen,  130.  ^o. 
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corresponds  to  0.0365457  gramme  of  the  double  sulphate,  with  a  prob- 
'able  error  of  ±  .0000012. 

Three  sets  of  titrations  were  made.  In  the  first  a  quantity  of  ferrous 
tungstate  was  treated  according  to  the  process  given  above ;  the  iron 
solution  was  diluted  to  500  cc,  and  four  titrations  made  upon  100  cc.  at 
a  time.  The  second  set  was  like  the  first,  except  that  three  titrations 
were  made  with  100  cc.  each,  and  a  fourth  upon  150  cc.  In  the  third 
set  the  iron  solution  was  diluted  to  300  cc,  and  only  two  titrations  upon 
100  cc.  each  were  made.  In  sets  one  and  two  thirty  grammes  of  zinc 
were  used  for  the  reduction  of  each,  while  in  number  three  but  twenty 
grammes  were  taken.  Zettnow's  figures,  as  given  by  him,  are  quite  com- 
plicated; therefore  I  have  reduced  them  to  a  common  standard.  After 
applying  all  corrections  the  following  quantities  of  tungstate,  in  grammes, 
correspond  to  1  cc.  of  permanga^.nate  solution  : 


•  First  set. 


-  Second  set. 


.028301 
.028291 
.028311 
.028301 
.028367 ' 
.028368 
.028367 
.028367  ^ 

.028438  I  Third  set. 
.028438  i 

Mean,  .0283549,  ±:  .0000115 

With  the  silver  tungstate,  Ag-^WO^,  Zettnow  employed  two  methods. 
In  two  experiments  the  substance  was  decomposed  by  nitric  acid,  and 
the  silver  thus  taken  into  solution  was  titrated  with  standard  sodium 
chloride.  In  three  others  the  tungstate  was  treated  directly  with  com- 
mon salt,  and  the  residual  silver  chloride  collected  and  weighed.  Here 
again,  on  account  of  some  complexity  in  Zettnow's  figures,  I  am  com- 
pelled to  reduce  his  data  to  a  common  standard.  To  100  parts  of  AgCl 
the  following  quantities  of  Ag^WO^  correspond  : 

By  First  Method. 
161.665 
161.603 


Mean,  161.634,  rb  .021 

By  Second  Method, 
161.687 
161. 651 
161. 613 


Mean,  161.650,  dt  .014 
General  mean  from  both  series,  161.645,  ±:  .012 
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For  tungsten  hexchloride  we  have  tWo  analyses  by  Roscoe,  pubB 
in  the  same  paper  with  his  results  upon  the  trioxide.  In  oneca 
ment  the  chlorine  was  determined  as  AgCl ;  in  the  other  the  cU 
was  reduced  by  hydrogen,  and  the  residual  tungsten  estimated, 
bringing  both  results  into  one  form  of  expression  we  have  for  the 
centage  of  chlorine  in  WCl, :  * 

53.588 
53.632 


Mean,  53.610,  ±  .015 

The  work  done  by  Smith  and  Desi  f  probably  ought  to  be  con» 
in  xjonnection  with  that  of  Pennington  and  Smith  on  the  tri 
Smith  and  Desi  started  with  tungsten  trioxide,  freed  from  molybd 
by  means  of  gaseous  hydrochloric  acid.  This  material  was  redo* 
a  stream  of  carefully  purified  hydrogen,  and  the  water  formed  wi 
lected  in  a  calcium  chloride  tube  and  weighed.  To  the  results  fa 
add  the  percentage  of  water  obtained  from  100  parts  of  WO,.  Va 
weights  are  given. 

W'C?,.  H^O,  Percent,  Hfi, 

.983024  .22834  23.228 

.998424  .23189  23.226 

1.008074  .23409  23.221 

.911974  .21184  23.229 

.997974  .23179  23.226 

1.007024  .23389  23.226 


Mean,  23.226,  ±,  .OOOl 


There  are  now  six  ratios  from  which  to  calculate  the  atomic  wei| 
tungsten : 

(I.)  Percentage  of  W  in  W0„  79.388,  d=  .00039 

(2.)  Percentage  of  H,0  in  Ba0.4WO,.9H,0,  13.0368,  db  .0060 

(3.)  WOj  :  3H,0  :  :  100  :  23.226,  db  .0008 

(4.)  Am,Fe(SO0,.6H,O  :  FeWO^  :  :  .0365457,  db  .0000012  :  .0283549.  ±.«« 

(5.)  2AgCl  :  AgjWO^  :  :  100  :  161.645,  d=  .012 

(6.)  Percentage  of  CI  in  WClg,  53.610,  d=  .015 

These  are  reduced  with — 

O   —   15.879,^.0003  s       —  31.828,  db  .0015 

Ag  =  107. 108,  db  .0031  Ba      =  136.392,  i:  .0086 

CI   =    35.179,^.0048  Fe      =    55.597,  :ir. 0023        j 

N   =    13.935,  db  .0021  AgCl  =  142.287,  db  .0037        1 

•  The  actual  figures  arc  as  follows  : 

19.5700  grm.  WCU  gave  43.4137  gnn-  AgCl. 
10.4.126  *'  4.8374  gnn.  tungst' 

Sftd  before  Amer.  Philos.  Sec.,  Nov.  2,  1894.  ' 
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Hence  there  are  six  values  for  the  atomic  weight  ofitungBtoifoa (follows : 

From  f  I) W  =  iHa^I  '^^IBoSfl'^-'^^ 

Fromti)..., ''  ==  182.655,11^ Ute4^ II*' 

From  (3) **  =  »83  298, c4±< /(M0& •  < 

l-'^om  (4)  . .  ,*.**=  183.035,  n.)^^2^iui  ,t 

^'^"^  (5)  ^  '•  =  182.26S,  ±;^o6^|  , ,u  h 

Generai  mean  _ W  =  183.429,  i:  .OO^j }  V.i  IT 

If  0  ^  16,  W  =  184.827.  The  rejection  of  all  values  except  pie  first 
And  third  niiscg  the  mean  hy  0j>n9;  that  i?,  four  of  the  nitios  count  for 
ttlmost  notliing,  and  tlie  work  done  in  Smith '^i  laboratory  donunutea  all 
the  rest  The  questions  raised  hy  Schneider  in  his  latest  determination, 
however,  are  not  yet  answered,  and  farther  itive^ti^ation  in  retjuired  in 
order  to  fully  e^iitahliah  the  true  atomic  weight  of  tu lighten. 


URANIUM. 


The  earlier  attempts  to  determine  the  atuniic  weight  of  uranium  were 
all  vittato<i  >)y  the  erroneous?  supposition  that  tfie  uranous  oxide  was 
really  the  metal.  The  su[>position,  of  course,  does  not  aHect  the  weigh- 
ings and  analytical  data  which  were  ohtained,  althou^^h  these,  from  t!ieir 
discordance  with  each  other  and  with  later  and  better  results^  have  now 
only  a  historical  value. 

For  present  puri»oses  the  determi nation?  made  hy  Berstelius  *  l>y  Arf- 
vedson,t  and  by  Marchan<l  |  may  he  Left  f|uitc  out  of  account.  Berzehus 
employed  various  methods,  while  the  others  relied  upon  estimating  the 
percentage  of  oxygen  hist  u[»tin  the  reduction  of  UjO„  to  U(\  Rammels- 
herg's§  results  also^  although  very  suggestive,  need  no  full  discussion. 
He  analyzed  the  green  chloride,  UCl^;  effected  the  synthesis  of  uranyl 
sulphate  from  uranous  oxide;  determined  the  amount  of  residue  left 
upon  tlie  ignition  of  the  sodio  and  l>5irin-nratne  acetates;  estimated  tlie 
quantity  of  magnesium  uranate  formed  from  a  known  weipjht  of  l*<>^, 
and  altem]»ted  also  to  C\x  the  ratio  between  the  green  and  tlie  bhu.-k 
oxides.  His  figures  vary  so  wiciely  that  they  could  count  for  little  in 
the  establishing  of  any  general  mean  ;  and,  moreover,  they  lejid  to  esti- 
mates  of  the  atomic  weight  which  are  mostly  below  the  true  value.  For 
instance,  twelve  lots  of  UjjtX  from  several  riilFcrent  s«>arces  were  reduce<l 
to  UOj  by  heating  m  hydrogen.  The  percentages  of  loss  varied  from  ii.83 
to  4-67,  the  mean  being  4.121.    These  figures  give  values  for  the  atomic 


fFoKgead.  AnTinlcii.  t.  145,    Uert.  Jntir,.  5.  ta>.     iBia. 

t  Joiim.  Oir  l*mki.  ChcOL.  ly  497.    184 r. 

I  f»wi{xciwl*  AnMlen,  55,  31H,  rl^j ;  56.  i»S*  I'U* ;  59. 9.  i^i ;  66.  91, 1845. 
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weight  of  uranium  ranging  from  184,33  to  234»05,  or,  in  mean«  214.53, 
Sueli  discortlance  15  due  partly  to  impurity  in  some  of  tlie  material 
stutlied,  and  illustrates  the  ditFicuUies  inherent  in  the  problem  to  be 
8olvtuL  Scjme  of  the  uranoso-uranic  oxide  was  prepared  by  calcining  the 
oxalate^  and  retained  an  admixture  of  carbon.  Many  such  points  were 
worked  up  by  Rammelsberg  witli  much  care,  so  that  his  papers  sliouid 
be  scrupulously  studied  by  any  ^hemist  who  contemplates  a  redetermi- 
nation of  the  atomic  w^eight  of  uranium. 

In  1841  and  1842  Peligot  pub!i?^hcd  certain  papers  *  showing  that  the 
atomic  weight  of  uranium  must  bo  somewhere  near  ^0.  A  few  years 
qater  the  same  chemist  {>nblished  fuller  data  concerning  the  constant  in 
luestion,  but  in  the  time  intervening  between  his  earlier  and  his  final 
researches  other  determinations  were  made  by  Ebelinen  and  by  Wer- 
theini.  These  inv<'stigatinn9  we  may  properly  (li.^cuss  in  chronological 
order.  Vttr  present  iiurposes  the  early  work  of  Peligot  may  i>e  dis?ini5ii.sed 
as  only  preliminary  in  character.  It  showed  that  what  had  been  pre- 
viously regarded  as  metallic  uranium  was  in  reality  an  oxide,  but  gave 
figures  for  the  atomic  w^eight  of  the  metal  which  were  merely  approxi- 
mations. 

Ebelmen*st  determinations  of  the  atomic  weight  of  uranium  were 
based  upon  analyses  of  uranic  oxalate.  This  salt  was  tlried  at  1(H)**, 
and  then^  in  weighed  amount,  ignited  in  hydrogen.  The  residual  ura- 
nous  oxide  was  weiglied,  and  in  some  cases  converted  into  U^O^  by  heating 
in  oxygen.     The  following  weights  are  reduced  Ui  a  vacuum  standard: 

10,1644  firm,  oxalate  gave  7. 2939  grin.  Vi\. 
12.9985 

It. 8007  •* 

9. 992  J 

11.08S7  " 

1 0.08  JO  *' 

6.7940 
16.0594  •* 

Reduciuf^  these  figures  to  percentages,  we  may  present  the  resultvS  in 
two  colnnuL*.  Column  A  gives  tVie  percentages  of  UO^  in  the  oxalate, 
while  R  repte^sents  the  amount  of  XJfi^  formed  from  UK)  |)art8  of  UO, : 

71.924  • 

7i.7S7  103,949 

71.767  10J.867 

71.621  103. 920 

7". 794  103.900 
71.793 

71778  

71.790  103  930 


9.3312 

Gain  on  uMtiatiun,  .36S5 

8.4690 

3275 

7.n3' 

.2S12 

7.9610 

.3105 

7.2389      " 

4.8766      - 

1K5290 

.455* 

Mean,  71.782,  ±.  .019 


Mean,  103.913,  ±  .0Q9 


•Compt.  Rend.,  u,  735.     1841.    Ann,  Clitm.  Phys,  (3I,  55.     ifUi. 
t  Jouni.  fur  Praki.  Chcra  ,  37,  3»5.    184^ 
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Wertheim's*  experiments  were  even  simpler  in  character  than  those 
of  Ebelmen.  Sodio-uranic  acetate,  carefully  dried  at  200®,  was  ignited, 
leaving  the  following  percentages  of  sodium  uranate : 

67.51508 
67.54558 
67.50927 

Mean,  67.52331,  ±.0076 

The  final  results  of  Peligot's  t  investigations  appeared  in  1846.  Both 
the  oxalate  and  the  acetate  of  uranium  were  studied  and  subjected  to 
combustion  analysis.  The  oxalate  was  scrupulously  purified  by  repeated 
crystallizations,  and  thirteen  analyses,  representing  different  fractions, 
were  made.  Seven  of  these  gave  imperfect  results,  due  to  incomplete 
purification  of  the  material ;  six  only,  from  the  later  crystallizations, 
need  to  be  considered.  In  these  the  uranium  was  weighed  as  U^Og,  and 
the  carbon  as  CO,.  From  the  ratio  between  the  CO,  and  UjOg  the  atomic 
weight  of  uranium  may  be  calculated  without  involving  any  error  due 
to  traces  of  moisture  possibly  present  in  the  oxalate.  I  subjoin  Peligot's 
weighings,  and  give,  in  the  third  column,  the'UjOg  proportional  to  100 
parts  of  CO, : 


CO^. 

u,o,.^ 

Ratio. 

1.456  grm. 

4.649  grm. 

319.299 

1.369     " 

4.412     ** 

322.279 

2.209     *' 

7.084     *• 

320.688 

1.019     '• 

3.279     *' 

321.786 

1.069     " 

3.447     " 

322.461 

1.052     " 

3.389     '' 

322.148 

Mean,  321-443,  ±.338 

From  the  acetate,  \]0.^(C^Yifi^^J'2K.fl,  the  following  percentages  of 
U,0«  were  obtained : 


5.061  grm.  acetate  gave  3.354  grm.  \Jfi^. 

4.601  "  3.057 

1.869  ."  1.238 

3.817  .              "  2.541 

10.182  "  6.757          *• 

4.393  •*  2.920 

2.868  "  1.897 


66.2715  per 

cent 

66.4421 

( 

66.2386 

" 

66.5706 

< 

66.3622 

* 

66.4694 

• 

66.1437 

' 

Mean 

66.3569.  =fc 

.038 

The  acetate  also  yielded  the  subjoined  percenta<j;e3  of  carbon  and  of 
water.     Assuming  that  the  figures  for  carbon  were  calculated  from  known 


*  Journ.  fur  Prakt.  Chem,,  29,  209. 
tCompt.  Rend.,  22,  487.     1846. 
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heights  of  dioxide;  with  C  =  12  and  O  =  16, 1  have  added  a  third  eo 
in  which  the  carbon  percentages  are  converted  into  percentages  ol 

H^O,  C.  CO^ 

21.60  11.27  41.323 

21.16  11.30  41.433 

21.10  11.30  41.433 

21.20  II.  10  40.700 

Mean,  21.265,  d=  .187       Mean,  11.24  Mean,  41,222,  =b  .092 

From  tliese  data  we  get  the  following  values  for  the  molecular  1 
of  uranyl  acetate : 

From  percentage  of  U,Og 423.183,  db    .4781 

From  percentage  of  CO, 423.842,  dtr    .9462 

From  percentage  of  H,0 420.386,  dr  2.9033 

General  mean 423.257,  d=    .4222 

In  the  posthumous  paper  of  Zimraermann,  edited  by  Kniss  and 
goflf  *  the  atomic  weight  of  uranium  is  determined  by  two  qm 
First,  UOa,  prepared  by  several  methods,  is  converted  into  11,0,  bj 
ing  in  oxygen.  To  begin*  with,  UjOg  was  prepared,  and  reduced  1 
by  ignition  in  hydrogen.  When  the  reduction  takes  place  at  mi 
temperatures,  the  UO,  is  somewhat  pyrophoric,  but  if  the  opera 
performed  over  the  blast  lamp  this  difficulty  is  avoided.  After  mi 
the  UOj,  the  oxidation  is  eflTected,  and  the  gain  in  weight  observed 
preliminary  UjOg  was  derived  from  the  following  sources :  A,  fro 
nium  tetroxide;  B,  from  the  oxalate;  C,  from  uranyl  nitrate; 
precipitation  with  mercuric  oxide.  The  full  data,  lettered  as  im 
above,  are  subjoined : 

UO^.  U^O^.  Per  cent,  of  Gain, 

r  8.9363  9.2872  3.927 

A.  -j    7.9659  8.2789  3.929 

(12.4385  12.9270  3,927 

.8855  13.3913  3.925 

.7089  5-933"  3.927 

1.6270  10.0051  3.928 

1855  13.7036  •     3929 


r  12.8 

hJ  5.7 

(.  9.6 


^*  ^    -^9973  10.3901  3.929 


(i3.'S 
(    9.95 

f  15.8996  16.5242  3.928 

^^'  I    7.4326  7.7245  3.927 


Mean,  3.9276.  ±.^ 
Ebelmen  found,  3.913,    d:  .' 

General  mean,  3.9276,  d:  J 

In  short,  Ebelinen's  mean  vanishes  when  combined  with   3 
manii's.  

•  Ann.  d.  Chem.,  232,  399.    1886.  ' 
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Smmennann's  secopd  method  was  essentially  that  of  Wertheim, 
Dimely,  the  ignition  of  the  double  acetate  UOj(C2H30,),.NaC2H30j,  the 
rndoe  being  sodium  uranate,  Na^U^O^. 

Double AcetaU.  Uranate.  Percent,  Uranaie. 

4.272984  2.886696                           67.557 

5.272094  3-560770                           67.540 

2.912283  1.967428                           67.556 

3.181571  2.149309                           67.555 

Mean,  67.552,  ±.  .0027 
Wertheim  found,  67.523,  ±  .0076 

General  mean,  67.549,  ifc  .0025 

Ail  the  data  for  uranium  now  sum  up  thus : 

(l.)  Per  cent.  UO,  from  uranyl  oxalate,  71.782,  4^  .019 

(2.)  6CO,  :  U,0,  :  :  100  :  321.443,  d=  .338 

(3.)  Molecular  weight  of  uranyl  acetate,  423.842,  d:  .4222 

(4.)  3UO,  :  UjOg  :  :  100  :  103.9276,  i  .0003 

(5.)  Per  cent.  Na,U,0,  from  U0,.Na(C,H,0,)3,  67.549,  ±  .0025 

Computing  with  O  =  15.879,  zfc  .0003 ;  C  =  11.920,  ±  .0004,  and  Na  = 
21881,±.0046,  wehave- 
From  (I) U  =  235.948,  ±  .  1938 

From  (2) **  =  238.462,  ±:  .2953 

From  (3) '•  =238.541,  d=.4223 

From  (4) "  =  237.770,  =b  .0055 

From  (5) '*  =  237.902,  dti  0283 

General  mean ...  U  =  237.774,  =h  .0054 

If  0  =  16,  U  =  239.586. 

In  this  case  Zimmerman n's  data  control  the  final  result.  All  the  other 
determinations  might  be  rejected  without  appreciable  effect. 


The  atomic  weight  of  thia  element  was  first  deteroiined  by  Berzelius,^ 
whoj  saturating  1(K)  parts  of  seleiiiunj  with  chlorine^  found  that  179  of 
chloride  were  produced.  Further  on  these  figures  will  be  combined  with 
similar  result.^  hy  Dumus. 

We  may  omit,  as  unimportant  fur  present  purposes,  the  analyses  of 
alkaline  aelenatea  made  by  Mitscherlich  and  Nitzsch.f  an«l  pass  on  to 
the  experiments  published  by  Sacc :[:  in  1847.  This  chemist  resorted  to 
a  variety  of  raotbods,  some  of  which  gave  good  results,  while  others  were 
uns^itis factory.  First,  he  sought  to  establish  the  exact  composition  of 
SeO.^,  both  by  synthesis  and  by  analysis.  The  former  ()lan,  according  to 
which  he  oxidized  fjure  selenium  by  nitric  acid,  gave  poor  results;  better 
fif^ures  were  obtained  upon  reducin^^  8eO^  with  ammonium  bisulphite 
and  hydrochloric  acid,  and  determining  the  percentaf^e  of  selenium  set 
free: 

,6Soo  grm.  SeO^  gave    .4S2S  gnn.  Se.  71.CXX)  per  cent. 

3.5227  **  2.5047       '*  71.102       ** 

4-4S70  *•  3''93o       '*  71,161        ** 

Mean,  71.0S8,  :t  .oj2 

In  a  similar  manner  Sacc  also  reduced  barium  selenite,  and  weighed 
the  resulting  mixture  of  barium  sulphate  and  free  selenium.  This  pro- 
cess gave  discordant  results,  and  a  better  method  was  found  in  calcining 
BaScOj  with  sulphuric  acid,  and  estimating  the  resulting  quantity  of 
BaSOi-  In  the  third  column  I  give  the  amounts  of  BaSO^  equivalent  to 
lOOofBaSeO,: 


•5573  g*""!*  BaSeO,  gave  .4929  gtm.  BaSO^. 
,9942  •*  .8797 

,2551  **  .2080  *• 

.9747  ••  .8621 


88,444 
88,383 

88,471 

88,448 

Mean,  88.437,^^.013 


Still  other  experiments  were  made  with  the  selenites  of  silver  and  lead  ; 
but  the  figures  were  subject  to  such  errors  that  they  need  no  further  dis- 
cussion here. 

A  few  years  after  Sacc's  work  was  published,  Erdmann  and  Marchand 
made  with  their  usual  care  a  series  of  experiments  upon  the  atomic 
weiirht  under  consideration.  §  They  analyzed  ]mre  mercuric  selenide, 
which  had  been  repeatedly  sublimed  and  waa  well  orystallized.     Their 

*PogS^n<l- Annalen,  8,  I.     1826. 
f  Poggc^nd.  An}ialeii,9.  613.     i((J7« 
i  Ann,  ±  Chim,  etd,  Phys,  (3),  «,  119, 
]  Jour.  fOr  Prakt.  Chem,,  55^  joj.    1851. 
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method  of  manipulation  has  already  been  described  in  the  chapter  upon 
mercury.    These  percentages  of  Hg  in  HgSe  were  found  : 

71.726 

7I.73J 

71.741 


Mean,  71-7327,  :±=  .003 

The  next  determinations  were  made  by  Dumas  *  who  returned  to  the 
original  method  of  Berzelius.  Pure  selenium  was  converted  by  dry 
chlorine  into  SeCl^,  and  from  the  gain  in  weight  the  ratio  between  Se 
and  CI  was  easily  deducible.  I  include  Berzelius*  single  experiment, 
which  I  have  already  cited,  and  give  in  a  third  column  the  quantity  of 
chlorine  absorbed  by  100  parts  of  selenium : 


1.709  grm. 

Se  absort 

>  3.049  grm.  CI. 

178.409 

1.810 

3.219 

177.845 

1.679 

3.a>3 

178.856 

1.498 

2.688 

'  179.439 

1.944 

3.468 

178.395 

1.887 

3-3^2 

179.226 

1.935 

3.452 

178.398 

179.000 — Berzelius. 

Mean,  178.696,  dr  .125 

The  question  may  here  be  properly  asked,  whether  it  would  be  possi- 
ble thus  to  form  SeCl^,  and  be  certain  of  its  absolute  purity  ?  A  trace  of 
oxychloride,  if  simultaneously  formed,  would  increase  the  apparent 
atomic  weight  of  selenium.  In  point  of  fact,  this  method  gives  a  higher 
value  for  Se  than  any  of  the  other  j)roces8es  which  have  been  adopted, 
and  that  value  has  the  largest  probable  error  of  any  one  in  the  entire 
series.  A  glance  at  the  table  which  summarizes  the  discussion  at  the 
end  of  this  chapter  will  render  this  point  sufficiently  clear. 

Still  later,  Ekman  and  Pettersson  f  investigated  several  methods  for 
the  determination  of  this  atomic  weight,  and  finally  decided  upon  the 
two  following  : 

First,  pure  silver  selenite,  Ag-^SeOa  was  ignited,  leaving  behind  metallic 
silver,  which,  however,  sometimes  retained  minute  traces  of  selenium. 
The  data  obtained  were  as  follows  : 

A^,SeO,.  Ag.  Per  cent.  Ag. 

5.2102  32787  62.93 

5*9721  3-7597  62.95 

7.2741  4.5803  62.97 

7.5390  4.7450  62.94 

6.9250  4.3612  62.98 

7.3455  4.6260  62.98 

6.9878  4.3992  62.95 

Mean,  62.957,  rfc  .005 


<  Ann.  Chera.  Phann.,  113,  32.    i860. 

\  Bcr.  d.  Deutsch.  Chem.  GcscU.,  9,  1210.    1876.    Published  in  detail  by  the  society  at  Upsala. 


270  THE   ATOMIC   ^EIGHTS. 

Secondly,  a  warm  aqueous  solution  of  selenious  acid  was  mixed  witt 
HCl,  ^nd  reduced  by  a*  current  of  SO,.  The  reduced  Be  was  colledai 
upon  a  glass  filter,  dried,  and  weighed. 

SeO^.  Se.  Ptr  cent.  Se. 

11.1760  7.9573  71.199 

11.2453  8.0053  7'- "85 

24.4729  17.4232  7 '.193 

208444  14.8383  71.187 

31.6913  22.5600  7i'9i 

Mean,  71. 191,    d:  .0016 
Sacc  found,  7 1 .088,    ±  .0320 

General  mean,  71. 1907,  db  .0016 

There  are  now  five  series  of  figures  from  which  to  deduce  the  1 
weight  of  selenium : 

(I.)  Per  cent,  of  Se  in  SeO„  71.1907,  dr  .0016 

(2.)  BaScOj  :  BaSO^  :  :  100  :  88.437,  d:  .013 

(3.)  Per  cent,  of  Hg  in  HgSe,  7^-73^7,  ±  .003 

(4.)  Se  :  Cl^  :  :  100  :  178.696,  ±:  .125 

(5.)  Per  cent,  of  Ag  in  Ag,ScOj,  62.957,  ±  .005 

From  these,  computing  with — 

O   =   15-879.  ±. 0003  S    =  31.828,  db. 001 5 

Ag  =  107.108,  zfc  .0031  Ba  =  136.392,  ±  .0086 

CI  =    35- 179,  ±  .0048  Hg=  198.491,  db.0083, 

Cive  values  for  Se  are  calculable,  as  follows : 

From  (i) Se  =  78.477,  dr  .0049 

From  (2) **  =  78.006,  d=  .0410 

From  (3) **  =  78.217,  d=  .0095 

From  (4) ' **  =  78.740,  rb  .0561 

From  (5) •*  =  78.405,  d:  .0201 

General  mean Se  =  78.419,  dr  .0042 

If  0  =  16,  this  becomes  Se  =  79.016. 
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Particular  interest  attaches  to  the  atomic  weight  of  tellurium  on  ac- 
count of  its  relations  to  the  periodic  law.  According  to  that  law,  tellurium 
should  lie  between  antimony  and  ioditie,  having  an  atomic  weight  greater 
than  120  and  less  than  126.  Theoretically,  Mendelejeff  assigns  it  a  value 
of  Te  =  125,  but  all  of  the  best  determinations  lead  to  a  mean  number 
higher  than  is  admissible  under  the  currently  accepted  hypotheses. 
Whether  theory  or  experiment  i^  at  fault  remains  to  be  discovered. 

The  first,  and  for  many  years  the  only,  determinations  of  the  constant 
in  question  were  made  by  Berzelius.*  By  means  of  nitric  acid  he  oxi- 
dized tellurium  to  the  dioxide,  and  from  the  increase  in  weight  deduced 
a  value  for  the  metal.  He  published  only  his  final  results,  from  which, 
if  0  =  100,  Te  =  802.121.  The  three  separate  experiments  give  Te  = 
801.74,  801.786,  and  802.838,  whence  we  can  calculate  the  following  per- 
centages of  metal  in  the  dioxide : 

80.057 

80.036 

80.034 

Mean,  80.042,  rb  .005 

The  next  determinations  were  made  by  von  Hauer,t  who  resorted  to 
the  analysis  of  the  well  crystallized  double  salt  TeBr^.2KBr.  In  this 
compound  the  bromine  was  estimated  as  silver  bromide,  the  values 
assumed  for  Ag  and  Br  being  resi)ectively  108.1  and  80.  Recalculating, 
with  our  newer  atomic  weights  for  the  above-named  elements,  we  get 
from  von  Hauer's  anal3'ses,  for  100.  parts  of  the  salt,  the  quantities  of  AgBr 
which  are  put  in  the  third  column : 


2.000  grm.  K.^Tc 

Br, 

gave  69.946  per 

cent. 

Br. 

161.460 

6.668 

698443 

•' 

164.221 

2.934 

69.9113 

«' 

164.379 

3.697 

70.0163 

•• 

164.626 

1. 000 

69.901 

it 

164.^55 

Mean,  164.408,  db  .045 

From  Berzelius'  series  we  may  calculate  Te  =  127.360,  and  from  von 
Hauer's  Te  =  126.454.  Dumas,  J  l>y  a  method  for  which  he  gives  abso- 
lutely no  particulars,  found  Te  =  129. 

In  1879,  with  direct  reference  to  Mendelejefif's  theory,  the  subject  of 
the  atomic  weight  of  tellurium  was  taken  up  by  Wills.  §     The  methods 


♦  PogRcnd.  Annaleu.  28,  395.     1833. 
t  Sitzungsb.  Wien  Akad.,  25.  142. 
t  Ann.  Chim.  riiys.  (3),  55,  129.     1859. 
I  Journ.  Chem.  Soc.,  Oct.,  1879,  p.  704. 
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Secondly,  a  warm  aqueous  solution  of  selenio  *^^®  "^^^'  P" 

irCl  iiiul  reduced  by  a- current  of  SO,.     The  ^  ^^^^^  I*"" 

upon  a  gla«s  filter,  dried,  and  weighed.  *""^  ^^  ^^^'^^^ 

^  ^  es  ranginir  from 


1 1. 1 760  7.957 

"2453  8.0 

24.4729  17 

20  8444 

79.989 


79.828  per  cent,  Tc. 

80.044 

80.007 


Mean,  80.015,  :iz  .041 

-^./iurium  was  oxidized  by  aqua  regia  to  TeO 
There  are  now  fiv    .  ;{.  ^  127.IO  to  127.82 : 


weidit  of  seleniu 


Teg^^^  3-56158  grm.  TeO,.  80.024  pcr  cent.  Te. 

3.86897         **  80.040 

6.36612         **  80.012  ** 

"  4.0S064         **  80.037 


Mean,  80.028,  if:  .004 

^^^  ^iiuer's  process,  the  analysis  of  TeBr^.2KBr,  Will's  figure 

.o")]^nging  from  Te  =  125.40  to  126.94.    Reduced  to  a  co 
^tii^f  ^^  V^^^  of  t^e  salt  yield  the  quantities  of  AgBr  given 
X^jumn  : 

1.70673  gnu.  KjTeBr,  gave  2.80499  grm.  AgBr.  164.349 

1.75225  "  2.88072         •*  164.39S 

2.0693S  *•  3.40739         **  164.657 

3.29794  "  5.43228         "  164.717 

2.46545  *•  405742         "  i64.57« 

Mean,  164.538,  ±. 

Combined  with  von  Hauer's  mean,  1G4.408.  ±:  .045,  this  gives  a  gi 
m(Min  of  104.408,  ±  .033.     Hence  Tc  =  12G.502. 

The  next  determinations  in  order  of  time  were  those  of  Bra' 
This  chemist  trie<l  various  unsuccessful  methods  for  detenninir 
atomic  weight  of  tellurium,  among  them  being  the  synthetic  pre])a 
of  silver,  copper,  and  goM  tellurides,  and  the  l)jisic  sulphate,  'I 
None  of  these  methods  gave  suthciently  concordant  results,  and 
were  therefore  abandoned.  The  oxidation  of  tellurium  to  dioxi 
means  of  nitri(r  acid  was  also  unsatisfactory,  but  a  series  of  oxid 
with  iKpiJi  regia  gave  data  as  follows.  The  thinl  column  contaii 
percentage  of  t<.*llurium  in  the  dioxide: 

•  Joiini.  Chcm.  Soc.,  55,  382.     1889. 
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7VC?,. 

Percent,  Te. 

2.9001 

79.625 

3.5332 

79.681 

5.0347 

79798 

3.9685 

79.660 

1.0526 

Mean, 

79.793 

,  79.7",  ± 

273 


.0239 


.iiialysis  of  the  dioxide,  by  reduction  with  SO,,  2.5489 
.  c<.>,  K*'^ve  2.0374  of  metal.     If  we  give  this  experiment  the 
oi  one  observation  in  the  synthetic  series,  the  percentage  of  tel- 
\  found  by  it  becomes — 

79.932,  :t  .0534. 

ice  Te«  126.494. 

uner'a  best  results  were  obtained  from  analyses  of  tellurium  tetra- 
ide,  prepared  from  pure  tellurium  and  pure  bromine,  and  afler- 
isublimed  in  a  vacuum.  This  com[)ound  was  titrated  with  standard 
ions  of  silver,  and  three  series  of  experiments,  made  with  samples 
omide  of  different  origin,  gave  results  as  follows.  The  TeBr^  equiva- 
iolOO  parts  of  silver  appears  in  the  third  column  : 


First  Series. 

TeBr,. 

^^i. 

Ratio. 

2.14365 
1.76744 
1.47655 
'.23354 

2.06844 
'.70531 
1.42477 
1.19019 

Second  Series. 

103.636 
'03.643 

'03.634 
103.642 

TeBr,, 

yijTv 

Ratio. 

3.07912 
5.47446 
3.30927 
7.26981 

3.52077 

2.97064 
5.28157 

3.'93'3 
7.01414 
3-39667 

Third  Scrie.<^. 

103.651 
103.652 
103.637 
103.645 
103.654 

TeBr^. 

.        ^^4. 

Ratio. 

2.35650 
>.5«93i 
1.43985 

2.27363 
1.46564 

'.38942 

103.645 
103.662 
103.630 

Mean  of  .ill  as  one  series,  103.644,  ±:  .0018 
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Hence  Te  =  126.668,  ±  .0290.  A  reduction  of  the  weighings  to  a 
vacuum  raises  this  by  0.07  to  126.738. 

Still  another  series  of  analyses,  made  with  fractionated  material,  gave 
values  for  tellurium  running  up  to  as  high  as  137.  These  experiments 
led  Brauner  to  believe  that  he  had  found  in  tellurium  a  higher  homo- 
logue  of  that  element,  a  view  which  he  has  since  abandoned.*  Brauner 
also  made  a  series  of  analyses  of  tellurium  dibromide,  but  the  results 
were  unsatisfactory. 

In  the  series  of  determinations  by  Gooch  and  Rowland  f  an  alkaline 
solution  of  tellurium  dioxide  was  oxidized  by  means  of  standard  solu- 
tions of  potassium  permanganate.  This  was  added  in  excess,  the  excess 
being  measured,  after  acidification  with  sulphuric  acid, by  back  titration 
with  oxalic  acid  and  permanganate.  Two  series  are  given,  varying  in 
detail,  but  for  present  purposes  they  may  be  treated  as  one.  The  ratio 
TeO.^ :  0  :  :  100  :  X  is  given  in  the  third  column. 


TeO.^  Taken. 

,  0  Required. 

Ratio. 

.I200 

.01202 

10.017 

.0783 

.00785 

10.026 

.0931 

.00940 

10.097 

.1100 

.01119 

10.149 

.0904 

.00909 

10.055 

.1065 

.01078 

10.122 

.0910 

.00915 

10055 

.0910 

.00910 

10.000 

.0911 

.00924 

10.143 

.0913 

.00915 

10.022 

.0912 

.00915 

J0.033 

.0914 

.00923 

10.098 

Mean, 

,  10.068, 

:  .0100 


Hence  Te=  125.96. 

In  Staudeninaier's  J  determinations  of  the  atomic  weight  of  tellurium, 
crystallized  telluric  acid,  HgTeOg  was  the  starting  point.  By  careful 
heating  in  a  glass  bulb  this  compound  can  be  reduced  to  TeO,,  and  by 
heating  in  hydrogen,  to  metal.  In  the  latter  case  finely  divided  silver  was 
added  to  prevtMit  volatilization  of  tellurium.  The  telluric  acid  was  frac- 
tionally crystallized,  but  the  different  fractions  gave  fairly  constant  results. 
I  therefon*  uroup  Staudenmaier's  data  so  as  to  bring  them  into  series 
in(»re  suitable  for  the  present  discussion.    . 


*  Jouni.  Chem.  Soc..  67.  549-     i%S. 

t  Amer.  Journ.  Sci.,  5H.  375.  1894.  Some  misprints  in  the  orijcinal  publication  have  been  kindly 
corrected  by  Professor  Gooch  ;  hence  the  diflfcrences  between  these  data  and  the  figures  formerly 
given. 

\  Zcitsch.  Anorg.  Chem.,  10,  189.     1895. 
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First.  HJeO^  to  TeO,. 

H^TeO^.  Loss  in  IVeight.  Percent.  TeO^, 

1. 7218  .5260  69.451 

2.8402  .8676  69.453 

4.0998  1.2528  69.442 

3.0916  .9450  69.433 

1. 1 138  .3405  69.429 

4.9843  1.5236  69.432 

4,6716  1.4278  69.437 

Mean,  69.440,  i  .0024 

Hence  Te=  126.209. 

Secoiul  HJeO^  to  Te. 

H^TeO^  Loss  in  Weight,  Percent.  Te. 

1.2299  .547»  55.517 

1.0175  .4526  55.5'8 

2.5946  ■  I  1549  55488 

Mean,  55.508,  ifc  .0068 

Hence  Te  =  126.303. 

^laudennmier  also  gives  four  reductions  of  TeO,  to  Te,  in  presence  of 

't'ly  divided  silver.    The  data  are  as  follows : 

TeO^.  Loss  in  IVeight.  Per  cent.  Te. 

.9171  .1839  79.948 

I  9721  .3951  79.966 

2.4115  -4835  79950 

1.0172  .2041       •  79-935 

Mean,  79-950,  :t  .0043 

Hence  Te  =  126.636. 

T^»e  la.st  series,  givin«;  the  percentage  of  tellurium  in  the  dioxide,  coni- 
wneswith  previous  series  thus: 

Bcrzelius ., 80.042,  ih  .0050 

Wills,  first  series 80.015,  .-±:  .0410 

Wills,  second  series 80.028,  ±:  .0040 

Brauner,  synthesi.s • 79.7 1 1 ,  dz  .0239 

Brauner,  analysis 79-932,  rt  .0534 

Staudenmaier 79-950-  =t  .0043 

General  mean 80.001,  ±  .0025 

The  very  recent  determinations  hyChikashi^^t'^  were  made  by  Brauner's 
ttiethod, jjiving  the  ratio  l)etween  silver  and  TeBr^.  In  all  essential  [)ar- 
•*^lar?  the  work  resembles  that  of  Brauner.  except  that  the  tellurium, 

•  Journ.  Chem.  Soc,  69,  SSi.     1896. 


276  THE   ATOMIC   WEIGHTS. 

instead  of  being  extracted  from  metallic  tellurides,  was  derived  from 
Japanese  native  sulphur,  in  which  it  exists  as  an  impurity.  This  diflTer- 
ence  of  origin  in  the  material  studied  gives  the  chief  interest  to  the 
investigation.     The  data  are  as  follows : 

TeBr^,  Ag.  Ratio, 

4.1812  4>o348  103.628 

4.3059  4.1547  103.639 

4.5929  4.43»9  103.633 

Mean,  103.633,  ±.  .0023 
Brauner  found,  103.644,  dr  .0018 

General  mean,  103.640,  db  .0014 

Now,  to  sum  up,  the  subjoined  ratios  are  available  for  computing  the 
atomic  weight  of  tellurium  : 

(I.)  Percentage  Te  in  TeO„  80.001,  d=  .0025 

(2.)  Percentage  Te  in  H^TeO,,  55.508,  =b  .0068 

(3.)  Percentage  TcO,  in  H^TeOg,  64.440,  ±.  .0024 

(4.)  Ag^  :  TeBr^  :  :  100  :  103.640,  dr  .0014 

(5.)  KjTeBr^  :  6AgBr  :  :  100  :  164.468,  dr  .0330 

(6.)  TeOa  :  O  :  :  100  :  10.068,  ±  .0100 

To  reduce  these  ratios  we  have — 

O    =    15.879,  d=  .0003  K       =   38.817,1+1.0051 

Ag  =  107. 108,  dr  .0031  AgBr  =  186.452,  d=  .0054 

Hr  =    79-344,  db  .0062 

For  the  atomic  weight  of  telljirium  six  values  appear,  as  follows : 

From  (i) Te  =  127.040,  dr  .0165 

From  (4) *•    =  126.650,  dr  .0302 

From  (5) *'    =  126.502,  dt  .1430 

From  (2) '•    =126.303,^^.0246 

From  (3) *'    r=  126.209,  di  .0138 

From  (6) **    =  125.960,  dr  .  1574 

Gei^ral  mean Te  ==  126.523,  d=  .0092 

If  0  =  lG/re=  127.487. 

A  careful  consideration  of  the  foregoing  figures,  and  of  the  experi- 
mental methods  by  which  they  were  obtained,  will  show  that  they  are 
not  absolutely  conclusive  with  regard  to  the  })lace  of  tellurium  under 
the  periodic  law.  The  atomic  weight  of  iodine,  calculated  in  a  previous 
chapter,  is  125.888.  Wills'  values  for  Te,  rejecting  his  first  series  as  rela- 
tivel}^  unimportant,  range  from  125.40  to  127.32  ;  that  is,  some  of  them 
fall  below  the  atomic  weight  of  iodine,  although  none  descend  quite  to 
the  125  assun)ed  b}'  Mendel ejefi'. 

Some  of  Brauner's  data  fall  even  lower;  and  the  same  thing  is  true  in 
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Gooch  and  Howland's  series,  of  which  the  mean  gives  Te  =»  125.96,  a 
value  very  little  above  that  of  iodine. 

In  considering  the  experimental  methods,  reference  may  properly  be 
made  to  the  controversy  regarding  the  atomic  weight  of  antimony.  It 
will  be  seen  that  Dexter,  estimating  the  latter  constant  by  the  conver- 
sion of  the  metal  into  Sb,0^,  obtained  a  value  approximately  of  Sb  =  122. 
Dumas,  working  with  SbCl.,,  obtained  nearly  the  same  value.  Schneider 
and  Cooke,  on  the  other  hand,  have  established  an  atomic  weight  for 
antimony  near  120,  and  Cooke  in  particular  has  traced  out  the  constant 
errors  which  lurked  unsuspected  in  the  work  of  Dumas.  Now  in  their 
physical  aspects  tellurium  and  antimony  are  quite  similar.  *  The  oxida- 
tion of  tellurium  to  dioxide  resembles  in  many  particulars  that  of  anti- 
mony, and  may  lead  to  error  in  the  same  way.  In  each  of  the  six  tel- 
lurium ratios  tliere  is  still  uncertainty,  and  a  positive  measurement,  free 
from  objections,  of  the  constant  in  question  is  yet  to  be  made. 
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The  atomic  weight  of  fluorine  has  been  chiefly  determined  by  one 
general  method,  namely,  by  the  conversion  of  fluorides  into  sulphates. 
The  work  of  Christensen,  however,  is  on  different  lines.  -  Excluding  the 
early  results  of  Davy,*  we  have  to  consider  first  the  experiments  of 
Berzelius,  Louyet,  Dumas,  De  Luca,  and  Moissan  with  reference  to  the 
fluorides  of  calcium,  sodium,  ])otassiuin,  barium,  and  lead. 

The  ratio  between  calcium  fluoride  and  sulphate  has  been  determined 
by  the  five  investigators  a])ove  named,  and  by  one  general  j>rocess.  The 
fluoride  is  treated  with  strong  sulphuric  acid,  the  resulting  sulphate  is 
ignited,  and  the  product  weighed.  In  order  to  insure  comj)lete  trans- 
formation special  ])recautions  are  nece^t^ary,  such,  for  instance,  as  re- 
})eated  treatment  with  sulphuric  acid,  and  so  on.  For  details  like  these 
the  original  papers  must  be  consulted. 

The  first  experiments  in  clironological  order  are  those  of  Berzelius,t 
who  operated  upon  an  artificial  calcium  fluoride.  He  found,  in  three 
experiments,  for  one  i)art  of  fluoride  the  following  of  sulphate  : 

1.749 
1.750 
1. 751 

Mean,  1.750,  —  .0004 

Louyet's  researches  J  were  much  more  elaborate  than  the  foregoing. 
He  be,:^an  with  a  remarkably  concordant  series  of  results  upon  fluor  spar, 

*  rhil.  Trans.,  1S14,  64. 

t  PoffRcnd.  Annalen,  S.  i.     1826. 

I  Ann.  Chim.  Phys.  (3),  25,  300.     1849. 
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in  which  one  gramme  of  the  fluoride  yielded  from  1.734  to  1.73 
phate.     At  first  he  rej^jarded  these  as  accurate,  but  he  soon  fo 
particles  of  spar  had  been  coated  with  sulphate,  and  had 
escaped  action.     In  the  following  series  this  source  of  error  was 
against. 
Starting  with  fluor  spar,  I^uyet  found  of  sulphate  as  follows 

1.742 

1.744 

1.745 

1.744 

1.7435 

1.7435 


Mean,  1.7437,  dr  .0003 


A  second  series,  upon  artificial  fluoride,  gave : 

1.743 
1. 741 
1. 741 


Mean,  1.7417,  it  .0004 

Dumas  *  published  but  one  result  for  calcium  fluoride.  .495 1 
.864  grm.  sulphate,  the  ratio  being  1 : 1.7455. 

De  Lucaf  worked  with  a  very  pure  fluor  spar,  and  publisher 
lowing  results.  The  ratio  between  CaSO^  and  one  gramme  c 
given  in  the  third  column : 

.9305  grm.  CaF,  gave  1.630  grm.  CaSO^.  '.75 '8 

.836       "      1.459    ••  1.7452 

.502       *'                .8755    **  '.7440 

.3985      "       .6945   *'  1.7428 

If  we  include  Dumas'  single  result  with    these,  we  get  a 
1.7459,  ±  .0011. 

Moissan  J  unfortunately  gives  no  details  nor  weighings,  bill 
states  that  four  experiments  with  calcium  fluoride  gave  values  fo 
ing  from  19.02  to  19.08.  To  S  he  assigned  the  value  32.074,  and] 
Ca  was  taken  as  =  40.  With  these  data  his  extreme  values  J 
may  be  calculated  back  into  uniformity  with  the  ratio  as  stata 
becoming — 

1.7444  J 

1. 7410  M 


Mean,  1. 7427 


•  Ann.  Chem.  Phartn..  113,  aft. 
f  Cotnpt.  Rend..  51,  399.  iWo^ 
tCompt.  Rend  .111,  S7a    tipli 
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If  we  assign  this  equal  weight  with  Berzelius'  series,  the  data  for  this 
nUo  combine  thus  : 

Berzelius «.75oo,  db  .0004 

Louyct,  first  series '.7437i  it  .0003 

Loayet,  second  series ''74171  =t  .00x54 

De  Luca  with  Dumas '  -7459,  rh  .001 1 

Moissan 1.7427,  db  .00x54 

General  mean 1-7444,  ib  .ocx)i8 

For  the  ratio  between  the  two  sodium  salts  we  have  experiments  by 
Dumai*,  liouyet,  and  Moissan.  According  to  Louyet,  one  gramme  of 
XaF  gives  of  Na^O,— 

1.686 

1.683 

1.685 

Mean,  1.6847,  ±  .0006 
The  weighings  published  by  Dumas  are  as  follows  : 

.777  grm.  NaF  give  1. 312  grm.  Na^SO^.  Ratio,  1. 689 

1.737  **  2.930        .    "  «'       1.687 

Mean,  1.688,  ±  .ocx)7 

Moissan  says  only  that  five  experiments  with  sodium  fluoride  gave 
^  «•  19.04  to  19.08.  This  was  calculated  with  Na  =  23.05  and  S  =  32.074. 
*^^<ice,  reckoning  backward,  the  two  values  give  for  the  standard  ratio — 

1.6889 
1.6873 

Mean,  1. 6881 

Giving  this  equal  weight  with  Dumas'  mean,  we  have— 

Loayet i  .6847,  ±  .ocx)6 

Dnmas 1.688,    ±.00x57 

Moissan  1.6881,  rb  .00x57 

General  mean i  .6867,  ±:  .00038 

IHunisalso  gives  experiments  upon  potassium  fluoride.    The  quantity 
••olphale  formed  from  one  gramme  of  fluoride  is  given  in  the  last 

U4S3grm.  KK  give  2.225  g^'"-  K^SO^.  1.5002 

•*  1. 961  "  1. 4981 

Mean,  1.499',  i  .0007 

^noride  and  barium  sulphate  was  measured 
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by  Louyet  and  Moissan.    According  to  Louyet,  one  gramme  of  BaF, 
gives  of  BaSO^ — 

1.332 

1.331 

1330 

Mean,  1. 331,  dt  .0004 

Moissan,  in  five  experiments,  found  F=  19.05  to  19.09.  Assuming 
that  he  put  Ba  =  137,  aivd  S  =  32.074  as  before,  these  two  extremes 
become —  • 

1.33" 

1-3305 

Mean,  1.3308 

Giving  this  equal  weight  with  Louyet's  mean,  we  get  the  subjoined 
combination : 

Louyet 1.33',    dr  .0004 

Moissan '  -3308,  rfc  .ocx)4 

General  mean 1.3309,  =b  .00028 

The  experiments  with  lead  fluoride  are  due  to  Ix)uyet,  and  a  new 
method  of  treatment  was  adopted.  The  salt  was  fused,  powdered,  dis- 
solved in  nitric  acid,  and  precipitated  by  dilute  suli)huric  acid. '  The 
evaporation  of  the  fluid  and  the  ignition  of  the  sulphate  was  then  effected 
without  transfer.  Five  grammes  of  fluoride  wer6  taken  in  each  opera- 
tion, yielding  of  sulphate: 

6.179 

6.178 

6.178 

Mean,  6.1783,  zfc  .0002 

In  Christensen's  determinations*  we  find  a  metliod  adopted  which  is 
radically  unlike  anything  in  the  work  of  his  predecessors.  He  started 
out  with  the  salt  (NII^^MnF^.  When  this  is  added  to  a  mixture,  in 
solution,  of  ])otassium  iodide  and  hydrochloric  acid,  iodine  is  set  free, 
and  may  be  titrated  with  sodium  thiosulphate.  One  molecule  of  the 
salt  (as  written  above),  liberates  one  atom  of  iodine.  In  four  experi- 
ments Christensen  obtained  the  following  data: 

3.1199  grm.  Am-^MiiKj  gave  2. 1274S  T.  68.191  per  cent. 

3.9190  "  2.67020"  68.135        •' 

3.5005  "  2.38429**  68.113       *' 

1.2727  "  .86779  "  68.1S5 

Mean,  68.156,  rb  .0128 

•  Journ.  fiir  Prakt.  Chcin.  (2),  35.  541.    Cliristensen  assigns  to  the  salt  double  the  formula  here 
given. 
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lie  ratios  from  which  to  compute  the  atomic  weight  of  fluorine  are 
c — 

(I.)  CaF,  :  CaSO^  :  :  l.o  :  1. 7444,  ±  .00018 
(2.)  2NaF  :  NajSO^  :  :  i.o  :  1. 6867,  zb  .00038 
(3.)  2KF  :  KjSO^  :  :  l.o  ;  1. 4991,  zh  .0007 
(4.)  BaF,  :  BaSO^  :  :  1.0  :  1. 3309,  d=  .00028 
(5.)  PbF,  :  PbSO^  :  :  5.0  :  6.1783,  dr  .0002 
(6.)  AiUjMnFj  :  I  :  :  100  :  68.156,  ±  .0128 

o  reduce  them  we  have — 

0  =r       15.879,^.0003  K      =      38.817,   d=. 005 1 

S  =  31.828,  ±  .0015  Ca  =  39.764,  ±  .0045 

N  =  I3.935»  =t  .0021  Ba  =  136.392,  ±  .0086 

1  =  125.888,  db  .0069  Pb  =r  205.358,  dr  .0040 
Na=  22.881,  ±:  .0046  Mn  =  54.571,  d=  .0013 

ui\  the  values  derived  for  fluorine  are  as  follows: 

From  (i) F=  18.844,  d=  .0048 

From  (2) **  =  18.948,  dt  .0108 

From  (3) *'  =  18.877,  ifc  .0276 

From  u) **  =  18.869,  =t  .0192 

From  (5) ••  =  18.997,  d=  .0047 

From  (6) "  =  18.853,  :t  .0073 

General  mean K  —  18.912,  d=  .0029 

If  0  »  16,  F  =  19,056. 

^n  all  probability  these  values  for  fluorine  average  a  trifle  too  high. 
1 18  difficult  to  be  certain  that  a  fluoride  has  been  completely  converted 
Jttto  sulphate, and  an  incomplete  conversion  tends  to  raise  the  apparent 
•^ic  weight  of  fluorine.  This  possible  source  of  error  exists  in  all  of 
we  ratios  except  the  last  one,  but  the  fair  concordance  of  the  results 
^ned  seems  to  indicate  that  tbe  uncertainty  cannot  be  very  large. 


f^.^^A'. 
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MANGANESE. 


The  earliest  experiments  of  Berzelius*  and  of  Arfvedson  f  gave  Til 
for  Mn  ranging  between  56  and  57,  and  therefore  need  no  farther  ( 
sideration  here.  The  first  determinations  to  be  noticed  are  thoi 
Turner  J  and  a  Later  measurement  by  Berzelius.  §  who  both  determ 
gravimetrically  the  ratio  between  the  chlorides  of  manganese  anda 
The  manganese  chloride  was  fused  in  a  current  of  dry  hydrochloric 
and  afterwards  precipitated  with  a  silver  solution.  I  give  the  1 
equivalent  to  100  parts  of  AgCl  in  the  third  column : 

4.20775  grm.  MnCi,=    9.575    grm.  AgCl.  ^^'^5  1  g^^^y^s 

3.063  *'  =    6.96912         "  43-950  i 

12.47      grains  MnCl,=    28.42  grains  AgCl.  43.878— Turner. 

Mean,  43924,  dt  .015 

Many  years  later  Dumas  ||  also  made  the  chloride  of  manganea 
starting  point  of  some  atomic  weight  determinations.  The  salt  was 
in  a  current  of  hydrochloric  acid,  and  afterwards  titrated  with  a  stw 
solution  of  silver  in  the  usual  way.  One  hundred  parts  of  Ag  are  ec 
lent  to  the  quantities  of  MnCl,  given  in  the  third  column: 

3.3672  grm.  MnCl,  =  5.774  grm.  Ag.  58.317 

3.0872  •*  5.293         "  SS.326 

2.9671  "  5.0875       **  58.321 

1. 1244  *'  1.928         '*  58.320 

I.3134  *•  2.251         "  58.321 

Mean,  58.321,  d=  .oot 

An  entirely  diflferent  method  of  investigation  was  followed  i 
Hauer,^  who,  as  in  the  case  of  cadmium,  ignited  the  sulphate  in  a« 
of  sulphuretted  hydrogen,  and  determined  the  quantity  of  sulphid 
formed.  I  subjoin  his  weighings,  and  also  the  percentage  of  II 
MnSO^  as  calculated  from  them  : 


4.0626  grm. 

MnSO^ 

gave  2.3425  grm 

1.  MnS. 

57.660  per  cent 

4.9367 

(( 

2.8442 

57.613       " 

5.2372 

<< 

3.0192 

57.649      " 

7.0047 

(1 

4.0347 

57.600      " 

4.9175 

i* 

2.8297 

57.543       •' 

4.8546 

i< 

2.7955 

57.585       *' 

4.9978 

*• 

2.8799 

57.625  .    •• 

46737 

<i 

2.6934 

57.629      •• 

4.7240 

<< 

2.7197 

57.57a      •* 
Mean,  57.608,  ±  .008 

^  Pog^end.  Annalen.  8,  185.    1816. 

t  Bcrz.  Jahrcsbericht,  9,  136.    1829. 

:  Trans.  Roy.  Soc.  Bdinb..  11, 143.    1831. 

{  Lehrbuch.  5  Aufl.,  3.  1224. 

I  Ann.  Chem.  Pharm..  113,  25.    i860. 

f  Journ.  fOr  Prakt.  Chem.,  7a,  3160.    tQs7* 
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fH  iocUkhI  of  v^on  Hauer,  wliicli  seemed  to  give  good  reauU^  with 
pjuni,  ts, acconimg  to  8chhei<ler^*  inapplicable^  to  inaiiganese,  for  tlie 
It  the  Bulphide  of  the  latter  metal  is  liable  Ui  bii  contaniioated 
I  of  oxyi*ul|»hide.  Such  an  iinimrity  wouUl  bring  the  alnrnic 
h\  mi  too  high.  The  rosulti^  of  two  different  pruoesHPS,  one  carried 
Iby  himself  and  the  other  in  liitf  laboratory  by  Hawack,  are  given  by 
Udder  in  thi«  |Mipftr. 

Iwnck  rcdrtciul  !nangaoO'**o-niiuiganic  oxi<le  to  iminganuu^  oxide  by 
inn  in  a  stream  of  hydrogen,  and  weighed  the  water  thn.-i  fomied. 
I  III*  weighings  I  get  the  values  in  the  third  eokunn,  whieh  refire- 
llLv  Mn,(),  equivalent  to  one  gramme  of  water: 


i'-  grni.  Mn,0^  gjivc  0.330  grin.  II^O. 
4^  *'  .370 


12.57^7 
12,5643 
12.5552 

12  5<53<^ 
12.5361 

12.5572 


Mean,  12.5582.  it:  .0034 


Pfft-  i!i<j  niugt  obvious  !40uree  of  error  Hei^  in  the  pos^ilde  loss  of  water. 

ii  i  !♦«*,  however,  would  increase  the  aj)  parent  a  ton  lie  weight  of 

nwe;  Imt  We  8ee  that  tht?  value  fouiid  is  uiurh  lower  than  that 

nwl  either  by  Dumas  or  von  Hauer, 

fcboider  himself  ejreeted  the  e<nnbustion  of  mangantms  oxalate  with 

^nipper.     Tlie  salt  wivs  not  absolutely  dry,  ho  that  it  way  nrt-ea- 

olli^ct  both  water  and  carijon  ilioxide.     Then,  upon  deducting 

^ti^lit  of  water  from  that  of  the  original  material,  the  weiglit  of 

\i»  oxalate  wah  easily  ascertained.     Subtracting  from   thin  the 

Hi  die  w^eight  of  Mn.     If  we  put  CO^  ==  IW,  the  quantitiea  of 

!  ti^iuivident  to  it  will  he  found  in  the  last  column : 

^^S**75  fi«i.  o*«lai«  gftve  .306  grm.  H^O  ami  ,7445  grni.  CO,*  61,3^35 

ttJ3  *»  .4555  -  1,1135         "  61.4291 

Um  *'  .652  -  1-5745  6T.4163 

l^Ji  •'  i,02«J  "  2.507  '*  61.34K2 


Mmh.  61.3943,^  .0122 

f   till*  data  give  two  distinct  values  for  Mn — one  nejir 
niximati^ly  55 — and  with   no  f»ure  guide  to  preference 
►waiiiem.    The  higher  \*alue,  however,  has  been  confirmed  by  later 
ony. 

^  Hr^^mrand  Seottf  published  the  results  of  their  work  upon 
ite.     This  palt  is  easily  obtaineil  jture  by  reerystalliza* 
k*ii  1  ...^,  „,^  decided  advantage  of  not  being  hygroscopic.    Two  seta 


•  Pogjftnd.  Anualf n,  107,  605. 
f  Ptoc.  Roy.  Soc. ,  35,  44.     |S»3. 
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of  experiments  were  made.  First,  the  silver  permanganate  wi 
to  redness  in  a  glass  bulb,  first  in  air,  then  in  hydrogen.  Befi 
ing,  the  latter  gas  was  replaced  by  nitrogen.    The  data  are  as  f 


igMnO^. 

Ag  +  MnO. 

Per  cent.  Ag  -|-  i 

5.8696 

4.63212 

78.917 

5.4988 

4.33591 

78.852 

7.6735 

6.05395 

78.894 

13.10147 

10.31815 

. 

78.756 

12.5799 

j9.9»o65 
'^9.91435 

78.782 

78.811 

Mean 

,  78.835.  db 

The  duplication  of  the  last  weighing  is  not  explained. 

In  the  second  series  the  permanganate  was.  dissolved  in  dil 
acid,  reduced  by  sulphur  dioxide,  potassium  nitrite,  or  sodiun 
and  titrated  with  potassium  bromide.  The  AgMnO^  equivak 
KBr  appears  in  the  third  column. 


AgMnO^. 

KBr. 

Ratio, 

6.5289 

3.42385 

190.686 

7.5378 

3.9553 

"90.575 

6.1008 

3.20166 

190.559 

5.74647 

3.00677 

191. 117 

6.16593 

3.23602 

"90.540 

5- "329 

2.6828 

190.596 

5-07438 

2.66204 

190.624 

13.4484 

7.05602 

190.604 

12.5799 

6.60065 

190.588 

12.27025 

6.43808 

190.584 
Mean,  190.647,  ± 

Vacuum  weights  are  given  throughout.  To  the  first  series 
ments  the  authors  attach  little  importance,  and  numbers  1  az 
second  series  they  also  regard  as  questionable.  These  experi 
resent  the  use  of  sulphur  dioxide  as  the  reducing  agent,  and  wei 
by  the  formation  of  an  insoluble  residue,  apparently  of  a  sulp 
eluding  them,  the  remaining  eight  experiments  of  the  second 
in  mean— 

KBr  :  AgMnO^  :  :  100  :  190.584,  d=  ,0062, 

which  will  be  used  for  the  present  calculation.  Dewar  and 
nuule  determinations  with  manganese  chloride  and  bromide. 
first  salt  they  found  Mn  =54.91,  and  with  the  second,  Mn  »« 
they  give  no  details. 

Marignac^s  work  upon  the  atomic  weight  of  manganese  alai 
in  1883.*     He  prepared  the  oxide,  MnO,  by  ignition  of  the  o 

•Arch.  Scl.  Phys.  et  Nat.  (3K  10.  21.    1883. 
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^nttil  raducijon  of  the  resulting  Mii^O^  in  hydrogen.  The  oxide, 
uriouifi  prtKmutioriH,  was  then  converted  into  sulphate.  The  per- 
r  of  MaO  in  MnSO^  ia  append e<l : 

r6%tj  grin.  MnO  gave  5.6530  MnSO^,  47 -^^S^  P«»'  cent. 


J>t«5 

*  a.  599a 

a.8Sai 


S.3600 
5-5295 
6.1450 


46.987 
47,006 
47.002 


Mean,  47.007,  ±  .0025 


iWocreii,  in  1800*  published  deterounations  made  by  two  meth- 

beone  Marigniic's,  the  other  von  Hauer's.     From  manganese  sul- 

N  down  tlie  hydrated  peroxide  eloctrnly tieully^and  the  latter 

.  ...l3  then  reduced  in  hydrogen  udneli  had  been  proved  to  be 

romoxysten.    The  reBultinsf  monoxide  was  euoled  in  a  stream  of 

After  the  oxide  bad  been  treated  witli  suljihuric  aeid» 

iphule,  and  weiglied,a  few  drops  of  aulpliuric  acid  and 

*  mil phurt3U9  acid  were  uflded  to  it,  after  which  itwaia  reheated  and 

1.     T\\\s  proces:*  wa.s  re|>(^ated   until  f»mr  succctsgive  wei^h- 

\y  agreed*     The  rcj^ulLn  uf  this  set  of  experimentd  w^ere  aa 

,iiith  vaeuam  standards: 


'5.^149  K'w** 

MnO  gmve  J1,4M2  » 

4nSO^. 

47.005  per  cent. 

IJ.96H6 

29.7186 

47.004       " 

•3-747 « 

29.2493 

47*000       " 

»5-St" 

♦*             330246 

47.001 

M*9Sa4 

J>^S755 

47.002       " 

14.^84 

31.2304 

47.000       '• 

Mean,  47.002,  ±z  ,0006 

c*8  mean,  combined  with  this,  hardly  affects  either  the  per- 
or  iU*  probable  error.     Fortunately,  both   Marijrnac  and 
>mplete)y  in  agreement  an  to  the  ratio,  and  either  set  of 
iiremeiiU  would  be  valid  without  the  other.     In  order,  therefore,  to 
iftcV  witrk  »oine  proper  recognition,  we  can  assume  a  general j 
|7aA>I«  ±  ,tKMK>,  without  danger  of  serious  error. 

ittie  *iulphati*  proiluoecl  in  the  foregoing  series  of  experi- 
1,  with  many  precautions,  for  the  next  series  carried  out 
iiier*9niethiKl.     It  wa.^  transferred  to  a  porcelain  boat*  dried  at 
'  10  avoid  errors  due  to  retention  of  water  taken  U|>  in  the  process  of 
f^and  then  heated  to  constant  weight  in  a  stream  of  hyilrogen 
Before  weigliing,  the  sulphide  was  heated  to  redness  in  by- 
In  I  ill  the  same  gOH.    Tltc  resultn,  with  vacuum  weights, 


immnng  drs  MiiMgaas,    luatij^ural  DifiserliLtion,  HaUe,  i8y% 
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16.0029  &"^'  MnSO^  gave  9.2228  MnS  =  57.632  per  cent 
16.3191  "  9.4048     **  57-^3*       ** 

15.9307  "  91817     **  57634      '* 

15.8441  '*  9.i3iS     **  57.634      •* 

16.2783  "  9.3819     '*  57.635       - 

17.0874  "  9.8477     "  57.633       " 

Mean,  57.633,  db  .0004 
von  Hauer  found,  57.608,  di  .0080 

Hence  the  general  mean  in  identical  with  Weeren's  to  the  third  di 
mal  place,  which  is  unaffected  by  combination  with  von  Huuer^sdal 
We  have  now  to  consider  the  following  ratios  for  manganese: 

(r.)  2AgCl  :  MnClj  :  :  100  :  41.924,  db  .0150 

(2.)  2Ag  :  MnCl,  :  :  100  :  58.321,  d=  .OOIO 

(3.)  11,0  :  MnjO^  :  :  100  :  1255.82,  d=  .34© 

(4. )  2CO,  :  Mn  :  :  100  :  61.3943,  ±  .OI22  * 

(5.)  AgMnO^  :  Ag  +  MnO  :  :  100  ;  78.835,  db  .0174 

(6.)  KBr  :  AgMnO^  :  :  lOO  :  190.584,  zt  .0062 

(7.)  MnSO^  :  MnO  :  :  lOO  :  47.004,  ±  .0006 

(8.)  MnSO^  :  MnS  :  :  100  :  57.633,  ±z  .0004 

Computing  with  the  subjoined  preliminary  data — 

O   =   15.879,  ±.0003  K      =  38.817,  ±1.0051 

Ag=  107.108,  d=  .0031  c      =   11.920,  d=  .0004 

Cl  =    35>79,  ±«>48  S        =    31.828,  db  .0015 

Br  =    79.344,  dt  .0062  AgCl  =  142.287,  d=  .0037 

these  ratios  reduce  as  follows : 

First,  for  the  molecular  weight  of  manganese  chloride,  two  valu- 
deducible. 

From  ( I ) MnCI,  =  1 24.996,  ±z  .0428 

From  (2) *'      =  124.933,  ±  .0042 

General  mean MtiCl,  =  124.934,  ^  .0042 

Hence  Mn  =  54.576,  ±  .0075. 

For  manganese  there  are  seven  independent  values,  as  followd^... 

From  molecular  weight  MnCl, ^^'»  =  54.576,  db  .0075 

From  (3) *•  =  53667,  ±  .0203 

From  (4) ••   =  53.633,  ±:  .0107 

From  (5) *•  =54.450.^.15" 

From  (6) "   =  54.572,  dr  .0173 

From  (7) **  =  54«6oi,  ±:  .0018 

From  (8) **  =  54-575.  ^  •«»* 

General  mean Mn  =  54.57l»  db  .0013 

QwM  j(),  this  becomes  Mn  =  54.987. 

this  case  five  of  the  separate  values  are  well  in 

•n  of  the  two  aberrant  values,  which  have  h 
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not  necessary.  Their  influence  is  imperceptible.  Weeren's  niarvelously 
concordant  data  seem  to  receive  undue  weight,  but  they  are  abundantly 
confirmed  by  the  evidence  of  other  experimenters.  In  short,  the  atomic 
weight  of  manganese  appears  to  be  quite  well  determined. 


IRON. 

The  atomic  weight  of  iron  has  been  mainly  determined  from  the  com- 
position of  ferric  oxide,  with  some  rather  scanty  data  relative  to  other 
compounds. 

Most  of  the  earlier  data  relative  to  the  percentage  of  metal  and  oxj'gen 
in  ferric  oxide  we  may  reject  at  once,  as  set  aside  by  later  investigations. 
Among  this  no  longer  valuable  material  there  is  a  series  of  experiments 
by  Berzelius,  another  by  Dobereiner,  and  a  third  by  Capitaine.  The 
work  done  by  Stromeyer  and  by  Wackenroder  was  probably  good,  but 
I  am  unable  to  find  its  details.  The  fonner  found  30.15  per  cent,  of 
oxygen  in  the  oxide  under  consideration,  while  Wackenroder  obtained 
figures  ranging  from  a  minimum  of  30.01  to  a  maximum  of  30.38  per 
cent.* 

In  1844  Berzelius  t  published  two  dtjtermi nations  of  the  ratio  in  ques- 
tion. He  oxidized  iron  by  means  of  nitric  a<*id,  and  weighed  the  oxide 
thus  formed.  He  thus  found  that  when  O  =  100  Fe  =  350.27  and 
350.309. 

Hence  the  following  percentages  of  Fe  in  Fc^O,: 

70.018 
70.022 

Mean,  70.020,  rb  .0013 

About  the  same  time  8vani)erg  and  Norlin  X  jmblished  two  elaborate 
series  of  exi)eriments ;  one  relating  to  the  synthesis  of  ferric  oxide,  the 
other  to  its  reduction.  In  the  first  set  i>ure  ])iiino-f()rte  wire  was  oxidized 
by  nitric  acid,  and  the  amount  of  oxide  thus  formed  was  determined. 
The  results  were  as  follows: 

1.5257  grm.  Ke  gave  2.1803  grm.  I">/V  69.977  per  ceni.  Ke. 

2.4051  ♦•  34390  "  69.936 

2.3212  "  3-3»94  "  69.928 

2.32175  -  3.3183  •♦  69.968 

2.2772  *•  3-2550  ••  69.960           " 

2.4782  '♦  -        35418  ••  69.970 

2.3582  ••  3.3720  ••  ^'9.935 


Mean,  69.9534,  rj-  .0050 


*  For  additional  details  concerning  these  earlier  papers  I    must  refer  to  Oudenians'  mono- 
graph, pp.  140,  141. 
t  Ann.  Cheni.  Pharm.,  30.  432.     Berz.  Jahresb.,  25,  43. 
X  Berrcllus'  Jahrcsbcricht,  25,  42. 
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In  the  second  series  ferric  oxide  was  reduced  by  ignition  in  a  current 
of  hydrogen,  yielding  the  subjoined  percentages  of  metal : 


2.98353 

grm. 

FcjOj  gave  2.08915  grm.  Fc. 

70.025  per  cent. 

2.4iS'5 

"•              1.6910 

70.015       " 

2.99175 

2.0945s 

70.014       «* 

3.5783 

2.505925 

70.030 

4.1922 

2.9375 

70.072       " 

3.iois 

2.17275 

70.056       " 

2.6886 

1.88305 

70.036      " 

Mean,  70.0354,  ±  .0055 

It  is  evident  that  one  or  both  of  these  series  must  be  vitiated  by  con- 
stant errors,  and  that  these  probably  arise  from  impurities  in  the  mate- 
rials employed.  Impurities  in  the  wire  taken  for  the  oxidation  series 
could  hardly  have  been  altogether  avoided,  and  in  the  reduction  series 
it  is  possible  that  weighable  traces  of  hydrogen  may  have  been  retained 
by  the  iron.  At  all  events,  it  is  probable  that  the  errors  of  both  series 
are  in  contrary  directions,  and  therefore  in  some  measure  compensatory. 
In  1844  there  was  also  published  an  important  paper  by  Erdmann 
and  Marchand.*  These  chemists  prepared  ferric  oxide  by  the  ignition 
of  pure  ferrous  oxalate,  and  submitted  it  to  reduction  in  a  stream  of 
hydrogen.  Two  sets  of  results  wefe  obtained  with  two  different  samples 
of  ferrous  oxalate,  prepared  by  two  different  methods.  For  present  pur- 
poses, however,  it  is  not  necessary  to  discuss  these  sets  separately.  The 
percentages  of  iron  in  Fefi^  are  as  follows : 

70.013  -] 

69.962 

69.979 

70.030 

69.977 

70.044 
70.015 
70.055 


Mean,  70.0094,  zh  .0080 

In  1850  Maumene'st  results  appeared.  He  dissolved  pure  iron  wire 
in  aqua  regia,  precipitated  with  ammonia,  filtered  off  the  precipitate, 
washed  thorouorhly,  ignited,  and  ^veighed,  after  the  usual  methods  of 
quantitative  analysis.  The  percentages  of  Fe  in  Fefi^  are  given  in  the 
third  column  : 

1.482  gri 

1.452 

1.3585 

1.420 

1.492 

»  554 


e  gave  2,1 17  grm.  F 

'e,C 

>3. 

70.005  per  cent. 

2.074 

70.010 

*' 

1. 941 

69.990 

«( 

2.0285 

70.002 

«( 

2.I3»5 

69.998 

" 

2.220          •' 

Mean 

70  000 

(< 

,  70.0008, 

db.0019 

*  Journ.  filr  Prakt.  Chem.,  33,  1. 

1844. 

tCompt.  Rend.,  Oct. 

»7. 

1850. 

iriON^ 
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jTnomora  resulls,  obuiued  by  Kivot*  Uirough  the  reduction  of  ferric 
It  in  bydnigen,  remain  to  be  noliced.     The  jiercentagea  are : 

69.31 

Mean,  69.33,  ^  .o«3 
I  thoji  before  os  six  seriea  of  results,  which  we  may  now  com- 


Bcnelttts 

?■>  'manil  «ncl  Marchan<i , 

I -erg  and  Norlin,  oxidAtion 
►rtg  and  Nurlin,  reduction 

; !  ■  Hiien^   .,...,.    .  - .  . 

U<nerAl  mean 


70.020,  ^  .0013 
70.0094,  ±i  .0080 
69.9534,  i  .0050 
70-0354,  ±:  .0055 
70.000S,  ±  .0019 
69.33*       dt.013 


70.0075,  ^  .0010 


i^uu  this  we  jjet  Fe  ==  55.596. 

Ihmas't  reaulta,  obtained  from  the  chlorides  of  iron,  are  of  so  little 

ht  that  tbey  might  »afely  be  omitted  from  our  present  discussion, 

f*TtheH:ik»^  of  c*i>nipletenej?s,  however,  they  muj^t  be  included. 

pTifr.  f(  rruW!«  chloride,  ignited  in  a  f*tream  of  hydrocldoric  acid  gas, 

«l  in  water  and  titrated  with  a  silver  solution  in  the  usual 

I  hundred  parUof  silver  are  equivalent  to  the  amounts  of  FeCl^ 

lUiird  ccdumn  : 


3.677  grm.  FcCI|  =  6.238  grm.  Ag, 
3.924  **  =6,675 


5S.94S 

58.7S7 


Mean,  58.866,  dt  .053 


:diloride,  titrated  in  the  same  way,  gave  these  results : 


1. 179  e»^m.  FcCl,  —  3.3475  ftrra.  Ag. 
I.M2  •'         =3.471 


50*224 
50.263 


Mean,  50,2435,  ;t:  .0132 

^^  jiptf  us  two  additional  values  for  Fe,  a-s  follows : 

?nm  Fea, . Fe  =  55.742 

Fiom  FcCr  .   "  =55.907 

tenmtiaiioiiB  of  the  equivalent  of  iron,  made  by  students 
ur  *  '      "  when  th«  metal  in  dinsolved  in  an 

{V  ^t     The  data  have,  ol  course,  8li|£ht 


*  hnn  Chrffi    Phi»r»ii,    •«,  su      lifi^i. 
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value,  but  may  be  considered  as  being  in  some  measure  confinni 

They  are  as  follows : 

56.40 
55.60 

55.3» 
55.56 
55.48 
55.50 
55.86 
56.06 
56.22 
55.80 
55.78 
55.60 
55.70 
55.94 

Mean,  55.777,  dt  .0532 

These  values  undoubtedly  depend  on  Regnault*s  value  for  the  w« 
of  hydrogen.  Correcting  by  the  later  value,  as  found  in  the  chapti 
this  work  relating  to  the  density  ratio  H  :  0,  the  mean  becomes  I 
56.608,  ±  .0532.  Here  the  probable  error  in  the  weight  of  the  hyd» 
is  ignored,  as  being  of  no  practical  significance. 

The  four  ratios  for  iron  are  now  as  follows : 

(i.)  Per  cent.  Fe  in  Fe,Oj,  70.0075,  ±  .0010 
(2.)  Ag,  :  FeCl,  :  :  100  :  58.866,  d=  .0530 
(3.)  Ag,  :  FcCI,  :  :  lOo  :  50.243Si  ±  -0132 
(4.)  H:Fe::  1:55.608,^.0532 

Reducing  these  with — 

O  =  15.879,  ±  0003 
Ag  =  107.108,  rb.0031 
Cl  =   35.179,  ±.0048 

we  have — 

From  (i) Fc  =  55.596,  i  .0023 

From  (2) ••  =55.742,  ±.1140 

From  (3) **  =55.907,^.0450 

From  (4) "  =55.608,  ±.0532 

General  mean Fe  =  55.597,  d:  .0023 

If  O  =  16,  then  Fe  =  56.021.    Here  all  the  values  are  absorbed 
tically  by  the  first,  the  other  three  having  no  real  significance. 
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fOnAOoountorthc  close  similarity  of  these  metals  to  each  other,  tlieir 

I  I      irnately  if  not  ttctvmlly  itlf^nticalj  have  received 

•  ■i-ii  .M  :'-i,ttion. 

Tbeftret  determinations*  and  the  only  one?*  up  to  1H52»  were  made  by 

'V  ^^  *  (tiich  with  but  a  single  exiK^riinent.     For  nickel  188  parts  of 

vidt*  wen*  dissolved  in   hytlrtH'liloric  aciii  ;  the  si>lution  waa 

aixinitwi  to  drynt*s48,  th«  resitlutj  was  di^soIvt^J  in  water,  and  precipi- 

I  by  (Silver  nitmtc.     71H/2  [mrts  uf  silver  chloride  were  thu.s  formed  ; 

bfuee  N'i  =-  58.6 1*1     The  i*ame  proce-ss  was  applied  alao  to  cobalt,  *2G9,2 

ins  i»f  the  oxide  being  found  equivalent  to  102y.fl  of  AgCl ;  hence  Co  = 

Thes**  values  are  so  nearly  equal  that  their  ditlerence^  were 

ily  iijMrribaVite  to  experimental  errora.    They  are,  however,  entitled 

'ii?ht  at  prejient,  since  it  cannot  he  certain  from  any  evi- 

.  .  U  that  the  oxide  of  either  metal  waa  absolutely  free  from 

*  of  th©  other. 

Krdmann  and  Marchand  f  pulilii^licd  ^ome  re^uUfc*,  but  wilh- 
,  concerning  the  atomic  weight  of  nickel.     They  reduced  the 
wide  W  heating  in  a  current  of  hydrogen,  and  obtained  values  mnging 
f^  when  O  =  10.     Their  rej*ult8  were  nut  very  conconlant, 
was  probahly  the  best. 
lal^J,  incidentally  to  other  work,  Devillet  found  that  100  part«  of 
ttTtf metallic  nickel  yielded  2G2  of  .sulphate;  wiience  Ki  =58.854. 
Timone  of  the  foregoing  estimations  can  any  importance  now  be  at- 
kchinl    Tlie  modern  digeuBHion  of  the  atomic  weights  under  considera- 
pn  with  the  researches  of  Schneider  §  in  1S57.     This  cliemint 
tied  the  oxalatt^  of  both  metals,  determining  carbon  by  the  com- 
mon of  the  salts  witii  copper  oxide  in  a  stream  of  dry  ain     The  carbcni 
Olid©  thUH  formed  wa^  collected  a^  unual  in  a  potash  bulb,  which,  in 
^hin(5,  waa  counterpoised  by  a  similar  bulb,  so  as  to  eliminate  errom 
bf  id  the  hygroscopic  character  of  the  glass.     The  metal  i  n  each  oxalate 
\  ts$i\mtLivAi,  first  liy  ignition  in  a  stream  of  dry  air.  followe*!  by  intense 
Ing  in  hydrogen.     Pure  nickel  or  cobalt  was  left  l»ehind  in  good  con- 
m  for  '''  :.     Four  analyses  of  each  oxalate  were  made,  with  the 

lltflgiVL-.  .     .     V.      The  nickel  salt  i'lHiLiitHMl  ihnt' tn^tlernh'S  of  wnler, 

I  tlie  cobalt  salt  two  molecules  : 


'Cited  by  Derxclius.    Vogf^nd.  Antialen.  8,  ifU*    t^^> 
t  joiirii.  ff»r  Prnkt.  C1»em..  5s  »*»    185a. 
*  Ann.  Chini,  VhjA  13),  46,  18*,    itjS. 

t  Poeifwl    Annaleti.  loi,  jfij.     tSf^T 
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NiC^0,.3H^0. 

I.i945gnn.  gave  .528  grm.  CO,. 

44.203  per  cent 

2.5555    **    1. 12625   " 

44.072   *• 

3.199    -    1.408 

44.014   •* 

5.020      "     2.214     ** 

44.104   •• 

Mean,  44.098,  d:  .027 
The  following  percentaj^es  of  nickel  were  found  in  this  salt: 


29.107 

29.082 
29.066 
29.082 

.006 

Mean,  29.084,  ±. , 

CoQO,.2//^0. 

1.6355  g""*  S^^^   .781  gnn.  CO,. 
1. 107     "     .5295 
2.309     "     I.IOI     •* 
3.007    "    1.435 

47.753  per  cent 
47.832   " 
47.683   " 
47.722   •• 

Mean,  477475,  ±  .0213 

The  following  were  the  percentages  found  for  cobalt : 

32.552 
32.619 
32.528 
32.523 


Mean,  325555,  ±  .oi49 

In  a  later  paper*  Schneider  also  gives  some  results  obtained  1 
nickel  oxalate  containing  but  two  molecules  of  water.  This  ga? 
47.605  per  cent,  of  CO,,  and  the  following  percentages  of  nickel: 

31.4115 
3«.4038 


Mean,  31.4076,  d:  .0026 

The  conclusion  at  which  Schneider  arrived  was  that  the  atomic if< 
of  cobalt  and  nickel  are  not  identical,  being  about  60  and  58  resped 
The  percentages  given  above  will  be  discussed  at  the  end  of  this  d 
in  connection  with  all  the  other  data  relative  to  the  constants  in 
tion. 

The  next  chemist  to  take  up  the  discussion  of  these  atomic  1 
was  Marignac,  in  18-58.t     He  worked  with  the  chlorides  and  sol 

*  Poggrend.  Annalen,  107,  616. 

t  Arch,  des  Sci.  Phys  ct  Nat.  (nouv.  aerie) .  1,  37a.    ifljsa. 
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of  nickel  and  cobalt,  using  various  methods,  but  publishing  few  details, 
as  he  did  not  consider  the  determinations  final.  The  sulphates,  taken 
as  anhydrous,  were  calcined  to  oxides.  From  the  ratio  NiSO^ :  NiO,  he 
found  Ni  =  58.4  to  59.0,  and  from  five  measurementa  of  the  ratio 
CoSO^ :  Co,  Co  =  58.64  to  58.76.  If  oxygen  is  taken  as  16,  these  give  for 
the  percentages  of  oxide  in  sulphate : 

CoO  in  CoSO^,  NiO  in  NiSO^, 

48.267  48.187 

48.307  48.387 


Mean,  48.287,  zt  .0135  Mean,  48.287,  d:  .0675 

The  chlorides  were  dried  at  100*^,  but  found  to  retain  water;  and  in 
most  cashes  were  then  either  fused  in*  a  stream  of  chlorine  or  of  dry, 
gaseous  hydrochloric  acid,  or  else  calcined  gently  with  ammonium 
chloride.  The  determinations  were  then  made  by  titration  with  a 
standard  solution  of  silver  in  nitric  acid.  Three  experiments  with  an- 
hydrous CoCl,  gave  Co  =  58.72  to  58.84.  Three  more  with  CoCl,  dried 
at  100^  gave  Co  =  58.84  to  59.02.  Three  with  anhydrous  NiCl,  gave 
Ni  =  58.80  to  59.00.  If  the  calculations  were  made  with  Ag  =  108  and 
CI  =  35.5,  then  these  data  give  as  proportional  to  100  parts  of  silver : 

NiCl^,  CoCU. 

60.093  60.056 
60. 1 85  60. 1 1 1 
60. 1 1 1 


Mean,  60.139,  zfc  .0310  60.194 

Mean,  60.118,  db  .0192 

In  one  more  experiment  NiCl.^  was  precipitated  with  a  known  quan- 
tity of  silver.  The  filtrate  was  calcined,  yielding  NiO  ;  hence  the  ratio 
Ag.^ :  NiO,  giving  Ni  =  5i).29.  This  experiment  needs  no  farther  atten- 
tion. 

In  short,  accordinir  to  Marignac,  and  contrary  to  Schneider^s  views, 
the  two  atomic  weights  are  approximately  the  same.  Marignac  criticises 
Schneider's  earlier  paper,  holding  that  the  nickcil  oxalate  may  have  con- 
tained some  free  oxalic  acid,  and  that  the  cobalt  salt  was  possibly  con- 
taminated with  carbonate  or  with  basic  compounds.  In  his  later  papers 
Schneider  rejects  these  suggestions  as  unfounded,  and  in  turn  criticises 
Marignac.  The  purity  of  anhydrous  XiSO^  is  not  easy  to  guarantee,  and, 
according  to  Schneider,  the  anhydrous  chlorides  of  cobalt  and  nickel  are 
liable  to  be  contaminated  with  oxides.  This  is  the  case  even  when  the 
chlorides  are  heated  in  chlorine,  unless  the  gas  is  carefully  freed  from 
all  traces  of  air  and  moisture. 
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Dumas'  *  determinations  of  the  two  atomic  weights  were  mad 
the  chlorides  of  nickel  and  cobalt.  The  pure  metals  were  dissoi 
aqua  regia,  the  solutions  were  repeatedly  evaporated  to  dryness,  a 
residual  chlorides  were  ignited  in  dry  hydrochloric  acid  gas.  T 
two  estimations  in  the  nickel  series  were  made  upon  NiCl,  fom 
heating  the  spongy  metal  in  pure  chlorine.  I-n  the  third  column 
the  NiClj  or  CoCl,  equivalent  to  100  parts  of  silver : 

.9123  grm.  NiClj  =1.515  grm.  Ag.  60218 


2.295  **  3.81 15 

3.290  "  S'4^4 

1.830  •*  3.041 

3.001  '•  4.987 


60.212 

6o.2T2 
60.178 
60.176 


Mean 

,  60.1992 

2  352  grm.  CoCl, 

=  3.9035  gi-m. 

Ag. 

60.254 

4.210            •' 

6.990         " 

60.229 

3.592 

5.960         " 

60.268 

2.492 

4.1405-    ** 

60. 186 

4.2295 

7.0255       " 

60.202 

Mean,  60.2278,  ±:  .oil 

These  results  give  values  for  Co  and  Ni  diflfering  by  less  than  a 
of  a  unit ;  here,  as  elsewhere,  the  figure  for  Ni  being  a  trifle  thelo 
Combining  these  data  with  Marignac's,  we  have — 

Marignac 60. 139,  rfc  .0310 

Dumas 60.199,  ±  .0062 

General  mean    *. 60. 194,  db  .0061 

Ag^  :  CoCl^  :  :  TOO  :  X, 

Marignac 60. 1 18,  dr  .0192 

Dumas ; 60  228,  ifc  .01  lo 

General  mean 60.200,  d:  .0095 

In  1863 1  the  idea  that  nickel  and  cobalt  have  equal  atomic  1 
was  strengthened  by  the  researches  of  Russell.  He  found  that  Uu 
oxide  of  cobalt,  by  intense  heating  in  an  atmosphere  of  carbon  di 
became  converted  into  a  brown  monoxide  of  constant  composition. 
ordinary  oxide  of  nickel,  on  the  other  hand,  was  shown  to  be  CQ 
ible  into  a  definite  monoxide  by  simple  heating  over  the  blast 
The  pure  oxides  of  the  two  metals,  thus  obtained,  were  redofi 
ignition  in  hydrogen,  and  their  exact  composition  thus  asoofl 

*Ann.  Chem.  Pharm.,  113.  ^.    t86o. 
t  Joum.  Chem.  Soc.  (a),  x,  51.    1863. 
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*h  oxide  were  taken,  yielding  the  following  data. 
indicated  by  lettering : 

Nickel 


Ni, 

Per  cent.  Ni, 

1.6364 

78.597 

1.6468 

78.584 

1.5838 

78.608 

1.7342 

78.581 

1.7952 

78.589 

1.6761 

78.583 

1.79" 

78.616 

1.6845 

78.590 

1.9030 

78.588 

1.7179 

78.590 

1.5788 

78.594 

1.6379 

78.597 

2.0873 

78.588 

CohdU. 


Mean,  78.593i  ±  .0018 


Co. 

Percent.  Co, 

1.6670 

78.591 

1.5907 

78.588 

1.6673 

78.550 

1.5678 

78.598 

2.4078 

78.614 

1.6638 

78.603 

1-3924 

78.591 

1.4030 

78.591 

1.3264 

78.588 

1.7350 

78.592 

2. 1 104 

78.597 

1.6868 

78.598 

2.6752 

78.595 

1.7901 

78.589 

1. 7163 

78.596 

Mean,  78.592,  ±  .0023 

are  practically  identical,  and  lead  to  essentially  the 
•  each  atomic  weight. 

iissell*  confirmed  the  foregoing  results  by  a  different 
ed  metallic  nickel  and  cobalt  in  hydrochloric  acid 
irdrogen  evolved.  Thus  the  ratio  between  the  metal 
andard  was  fixed  without  the  intervention  of  any 
3ut  two-tenths  of  a  gramme  of  metal,  or  less,  was 

•  Jottm.  Chcm.  Soc  (a),  7,  494-    1867. 
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taken  in  each  experiment.  The  data  obtained  were  as  follows ;  the  last 
column  giving  the  weight  of  hydrogen,  computed  from  its  volume, 
yielded  by  100  parts  of  cobalt  or  nickel : 


A.  S 


f  .0906 
.1017 
.1990 
.0997 
.1891 
.1859 
.1838 

f.1892 

B.  i  .1806 
(^.2026 

c.    .1933 

r.1890 

D.  ]  .1942 

(.t78r 


Nickel, 

VoLHincc, 
153.62 
172.32 
337.06 
168.93 
319.86 
314.75 
311.25 
3»8.75 
305.28 
333.81  ^ 
325.93 
319.77 
328.15 
301.09 


Ratio, 
3.420 
3.418 
3416 
3.4 » 7 
3.412 

3.415 
3.4>6 

3398 
3.409 
3404 
3401 
3.4>2 
3.408 
3.410 


Mean,  3.41 1, 

CohaU. 

Wt.  Co. 

VoLHincc. 

Ratio. 

'.1958 

321.36 

3-395 

''•i.1946 

312.95 

3.398 

3>9.63 

3.397 

^.2002 

328.96 

3.398 

(.1996 

328.43 

3403 

B.  <  .2000 

329.55 

3.401 

(.1721 

290.17 

3.401 

1.1935 

308.97 

3.404 

318.60 

3.405 

1.1834 

314.73 
30540 

3.410 
3.407 

Mean,  3.4017,  i  .0009 

The  weight  of  the  hydrogen  in  these  determinations  was  doubtless 
computed  from  Regnault's  data  concerning  the  density  of  that  gas.  Cor- 
recting by  the  new  value  for  the  weight  of  a  litre  of  hydrogen,  .089872 
gramme,  the  ratios  become : 

For  nickel   3.421 1,  dz  .0010 

For  cobalt 3-4*  '2,  ih  .0009 

Some  time  after  the  publication  of  Russell's  first  paper,  but  before  the 
appearance  of  his  second,  some  other  investigations  were  made  known. 
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lie  first  was  by  Sommaruga,''^  whose  results,  obtained  by  novel 

Jaeely  confirmed  those  of  Schneider  and  antagonized  those 

■   iiae»  and  Ru8j?ell.    TTie  atomic  weitjjht  of  nickel  8oni- 

frQni    analyf^ey   of  t)je   nickel    potassium   sulphate, 

JH^O,  which,  dried  at  KX)**,  has  a  perfectly  definite  compo- 

It  the  sulphuric  acid  wajs  determined  in  the  usual  way 

f,  a  proceiijs  to  which  there  arc  obvious  objections.    In 

^liimn  are  given  the  quantities  of  the  nickel  salt  proportional 

1  of  B»SO, : 

o.979Sgrm.  gave  1,0462  gnn.  BaSO^* 

1.0803  "  «.f5J5 

1.1865  **  1,2669 

5.2100  ••  3.4277 

J,2I24  "  3*4303    •' 


93655 
95*654 
93^645 

95654 
95649 
93.648 


Meftn,  93.6505,  zt  ♦ooi 

Ji  8amtnaruga  uned  the  purpureocobalt  chloride  of  Gibbs 

Tld«  salt,  tlriecl  at  110'',  is  anhydrous  and  stable.     Heated 

remaim^.     The  latter,  ignited  in  hydrogen,  yields  metdllic 

every  experiment  the  f>reliminnry  heating  muat  be  carried 

iy  until  aminoniacal  fumes  no  longer  appear : 


•6656  grm.  £aT« 

.I588gfm,  Co. 

33.858  per  cenL 

1,0918 

.2600   ♦• 

23814   •* 

.9058 

.2160   ** 

23.846   '* 

«-5fi95    • 

.3785   *' 

23.813  ** 

M«*7   '' 

.6957  *' 

23.847   *' 

Mj^ 

.4378   •* 

13.806   •• 

2.5010 

.5968   - 

2i.«o8   *' 

Mcftiif  25.837 » tk  .006 


m\ 


long  this  series  will  be  combined  with  a  similar  one  by  I^ee. 
ftaid  that  Somma ruga's  paper  was  quickly  followed  by 
jr  from  Schnct(ler,t  endorsing  the  furmer*s  work  and  object- 
ultMof  Russell 

another  new  prncens  tor  tlie  cstimivtioo  of  these  atomic 
put  forward  by  Winkler,  t  who  determined  the  amount  of 
pare  metallic  nickel  and  cobalt  could  precipitate  from  a 
ition  of  sodio-auric  chloride. 

to  tYbtain   |mre   cobalt  Winkler   prepared    purpureocobalt 
been  fovir  or  five  times  recrysUillized,  w^as  ignile<l 
..,,  kel  waiS  repeatedly  purified  by  precipitation  with 
riift.    From  material  thus  obtained  pure  nickel  chloride 
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was  prepared,  which,  after  sublimation  in  dry  chlorine,  was  also  reduced 
by  hydro«:en.  One  lnin<lrc"d  parts  of  gold  are  i>recipitated  by  the  quanti- 
titvH  of  nickel  and  cobalt  given  in  the  tliird  columns  respectively.  In  the 
cobalt  series  I  include  one  experiment  by  Wesel&ky,  which  was  published 
by  hi  in  in  a  pa[>cr  presently  to  be  cited : 

*4J^o  grm.  nickel  precipitated  .964S  grm.  gold.  4S.191 

.4367  "  .9666    '      •'  45.179 

•5189  "  1.1457         ''  4S-29I 

.6002  '*•  1.3286         ••  45*175 


Mean 

.  45.209,  d:*oi9 

1,5045  grm.  gold. 

45  "5^ 

,6981         - 

45.080 

1.29J3 

45  Ht 

1.1312 

45.»82 

1.2848 

45.3<57 

1.241           *' 

45.044— Wcselsky 

Mean,  45.151,  d=  .025 

Wesdsky  5  paper  *  already  quoted,  relates  only  to  cobalt,  lie  ignited 
the cobalticyanide8 of  anunoniuia  andof  phenylamtnoniuni  in  hydrogen, 
and  from  the  determinations  of  cobalt  thus  made  deduced  its  atomic 
weight.     His  results  are  as  follows  : 


■7575  grni.  (NHjjGxjCyi,  gave  .166  grm.  Co. 
.5143  '*  *ii3 


21.914  per  cent. 
21.972       ** 


Mean,  21.943,  ±.  .029 


,8529  grtn.  {C(TigN)^CojCf,,  gave  .1010  grm.  Co, 
.6na         '*         ,0723    '* 
.7140  **         .0850    •* 

.9420  '•  .1120    '* 


U.S42  per  cent. 

n.829  ** 
11.905  '* 
It. 890       ** 


Mean^  11.8665,  ±  .0124 

Next  in  order  is  the  work  done  by  Leef  in  the  laboratory  of  Wolcott 
CfiblKs.  Like  Weselnky,  Lee  ignited  certain  cobalticyanidea  and  also 
nickeiocyaniiles  in  hydrogen  and  determined  the  residual  metaL  The 
double  cyanides  chosen  were  those  of  strychnia  and  brucia,8alt«i  of  very 
higli  molecular  weigbtj  in  which  tlie  percentages  of  metal  are  relatively 
low,  A  series  of  experiments  with  purpureocobalt  chloride  was  also 
carried  out.  In  order  to  avoid  admixture  of  carbon  in  the  nictallic  resi- 
dues, the  salts  were  first  ignited  in  air,  and  tljen  in  oxygen.  Reduction 
by  hydrogen  fu]lowe<l.  The  salts  were  in  each  ca,*^e  covered  by  a  porous 
Bptum  of  earthenware,  through  which  the  hyrlrogen  tliffused^  and  which 
ervetl  to  prevent  the  mechanical  carrying  away  of  solid  j^articlos;  fur- 


•  Ber.  d.  Deutaeti.  Chem.  GeseU.«  a,  59*.    1S68. 
f  Am.  Journ.  Set  and  Arts  (3),  a.  44.    i97t* 
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Ni, 

Per  cent.  Ni.  • 

.0227 

5.724 

0323 

5. 729 

.0230 

5.750 

.01795 

5.733 

0252 

5.712 

.0249 

5.729 

more,  heat  was  applied  from  above.  The  results  attained  were  very 
is&ciory,  and  assign  to  nickel  and  cobalt  atomic  weights  varying  from 
h other  by  about  a  unit;  Ni  being  nearly  58,  and  Co  about  59,  when 
=  16.  The  exact  figures  will  appear  later.  The  cobalt  results  agree 
narkably  well  with  those  of  Weselsky.  The  following  are  the  data 
tained: 

Bmeia  nkkelocyanide,  Ni^Cy^JiC^H^Nfi^H^JOHfi, 

Salt, 

.3966 

.5638 
.4000 

.3131 
.4412 
.4346 

Mean,  5.7295,  :t  .«>34 
Strychnia  niekelaeyanide,  Ni^0y^^{C„H„N^0t\H^,8H^0, 

Salt, 

.5358 
.54«9 
.3551 
•4495 
.2530 
.1956 

Mean,  6.595,  it  .005 

^rucia  cobcdticyanide,  Oo,Oy,^(C„H^X,0^\H^.20H^O, 

Salt. 

.4097 
.3951 
.5456 
.4402 
4644 
4027 

Mean,  37437.  ±  0036 
StryAnia  eobaUicyanide,  Co,Cy,,{CnH„y,0,\H^.8H,0, 
Sail.  Co.  Percent.  Co. 


Ni,     . 

Percent,  Ni 

.0354 

6.607 

•0363 

6.613 

.0234 

6.589 

.0297 

6.607 

.0166 

6.561 

.0129 

6.595 

Co. 

Percent.  Co 

0154 

3-759 

0147 

3.720 

.0204 

3.739 

0165 

3.748 

0174 

3.747 

0151 

3.749 

.0195 

4.583 

.0185 

4.596 

.0170 

4.554 

.0207 

4.564 

.0126 

4.577 

.0065 

4.549 

Mean,  4.5705.  rn  .005 
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Parpureo-cobaU  chloride,  OoJ(^NH^)j^Cl^. 


Salt. 

Co. 

Percent  Co. 

9472 

.2233 

23.575 

,8903 

.2100 

23.587 

.6084 

.1435 

23.586 

.6561 

.1547 

23.579 

,6988 

.1647 

23.569 

.7010 

.1653 

23.581 

Mean 

,  23.5795.  =fc 

The  last  series  may  be  combined  with  Sommaruga's,  thus : 

Sommaruga 23.817,    ±  .006 

Lee 23.5795,  ±:  .0019 

General  mean 23.6045,  rfc  .0018 

Baubigny's  *  determinations  of  the  atomic  weight  of  nickel  ap 
to  two  experiments  upon  the  calcination  of  nickel  sulphate,  and 
are  as  follows : 

6.2605  gnn.  NiSO^  gave  3.0225  NiO.  48.279  per  cent. 

4.4935  "  2.1695     -  48.281        " 

Mean,  48.2S0 

Zimmermann's  work,  published  after  his  death  by  Kruss  ai 
goff,t  was  based,  like  Russell's,  upon  the  reduction  of  cobalt  ai 
oxides  in  hydrogen.  The  materials  used  were  purified  with  g 
and  the  results  were  as  follows : 

Nickd. 


NiO. 

Ni. 

Percent.  NL 

6.0041 

4.7179 

78.578 

64562 

5.0734 

78.582 

8.5960 

6.7552 

78,585 

4.7206 

37096 

78.583 

8.2120 

6.4536 

78.587 

9.1349 

7.1787 

78.585 

10.0156 

7.8702 

78.579 

4.6482 

3.6526 

78.580 

8.93*5 

7.0184 

•^^^ 

10.7144 

8.4196 

i2-2J-i 

3.0036 

2.3602 

•  Compt.  Rend.,  97,  951.    itt^ 
t  Ann.  der  Chem.,  23a,  324.    sfl 
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Cobalt. 


CoO. 

Co. 

Percent.  Co. 

6.3947 

5.0284 

78.634 

6.6763 

5.2501 

78.638 

5.6668 

4.4560 

78.633 

«.9977 

2.3573 

78.637 

8.7446 

6.8763 

78.63s 

3.2625 

2.5655 

78.636 

6.3948 

5.0282 

78.630 

8.2156 

6.4606 

78.638 

9.4842 

7.4580 

78.636 

9.9998 

7.8630 

78.632 

Mean,  78.635,  ±  .0002 

Shortly  after  the  discovery  of  nickel  carbonyl,  NiC^O^,  Mond,  Langer, 
P^  Quincke*  made  use  of  it  with  reference  to  the  atomic  weight  of 
'^*el  Xhe  latter  was  purified  by  distillation  as  nickel  carbonyl,  then 
^^^rted  into  oxide,  and  that  was  reduced  by  hydrogen  in  the  usual 

NiO.  Nu  Per  cent.  Ni. 

• 

.2414  .1896  78.542 

.3186  .2503  78.562 

.3391  -2663  78.531 

Mean,  78.545,  ±  .0061 

*^*enl>erger'8  experiments,!  published  in  1892,  were  also  few  in 
^^'       ^irst,  nickel  sulphate,  dehydrated  at  440°,  was  calcined  to 

3.505  gnn.  NiS04  gave  1.690  NiO.  48.217  per  cent. 

26008  ••  1. 2561     •*  48.297 


Mean,  48.257,  dr  .027 

^>  t\ickel  oxide  was  reduced  in  hydrogen,  as  follows : 

1.6865  g™>-  NiO  gave  1.3245  Ni.  78.535  per  cent. 

1.2527  "  .9838    "  78.533       '* 

Mean,  78.534 

f^*^^  experiment  with  cobalt  oxide,  .3.491  ^rm,  gave  2.757  Co,  or 

J^^'^-^eni.     In  view  of  the  many  determinations  of  this  ratio  by 

l^^^*feBlg this  single  estimation  may  be  neglected.     The  experi- 

^lJ^  "Hwi lilltlJHltfL  however,  should  be  combinc^d  with  tho.se  of 

'ing  the  latter  equal  weight  with  Schutzen- 
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Marignac ; . . .  48.287,  d=  .0675 

Baubigny 48.280,  ±  .027 

Schutzenberger 48.257,  db  .027 

General  mean 48.269,  ±  .018 


From  thia  point  on  the  determination  of  these  atomic  weights  t 
plicated  by  the  questions  raised  by  Kriiss  as  to  the  truly  etein 
character  of  nickel  and  cobalt.  If  that  which  has  been  called 
really  contains  an  admixture  of  some  other  hitherto  unknown  d 
then  all  the  determinations  made  so  far  are  worthless,  and  theini 
tions  now  to  be  considered  bear  directly  upon  that  question.  I 
order  comes  Remmler's  research  upon  cobalt.*  This  chemist, 
whether  cobalt  is  homogeneous,  prepared  cobaltic  hydroxide  ii 
quantity,  and  made  a  series  of  successive  ammoniacal  extracts  fi 
twenty-five  in  all.  Each  extract  represented  a  fraction,  from  wh 
a  long  series  of  operations,  cobalt  monoxide  was  prepared,  and  ih 
was  reduced  in  hydrogen  after  the  manner  of  Russell.  The  actua 
mi  nations  began  with  the  second  fraction,  and  the  data  are  sak 
the  number  of  the  fraction  being  given  with  each  experiment  : 

CoO.  Co,  Per  cent,  Co 

2 09938  .07837  78.859  . 

3 15021  .11814  78.650 

4 .22062  .17360  78.687 

5 39011  .30681  78.647 

6 28820  .22661  78.629 

7 34304  .26968  78.615 

8 43703  .34321  78.532 

9 91477  .71864  78.560 

10 63256  .49661  78.508 

II 32728  .25701  78.529 

12 38042  .29899  78.595 

13 16580  13027  78.571 

14 1.01607  .79873  78.610 

15 >-3«635  1.03545  78.661 

16 9<945  .72315  78.650 

17 53»oo  .41773  78.668 

18 82381  .64728  78.572 

'9 81 139  .63754  78.574 

20 76698  .60292  78.610 

21 >. 13693  .89412  78.643 

22..... 2.00259  1.57495  78.646 

23 1.04629  .82185  78.549 

24 48954  .38466  78.576 

25 69152  .54326  78.560 

Mean,  78,613, 

•  Zeit.  Anorg.  Chem.,  2,  221.    Also  more  fully  in  an  Inauguiml  DtnertattoB.  Sif- 
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Conflidpred  with  reference  to  the  purpose  of  the  investigation,  this 
mean  and  its  probable  error  have  no  real  significance.  But  it  is  very 
close  to  the  means  of  other  experimenters,  and  a  study  of  the  variations 
represented  by  the  several  fractions  seems  to  indicate  fortuity  rather 
than  system.  Remmler  regards  his  results  as  indicating  lack  of  homo- 
geneity in  his  material ;  but  it  seems  more  probable  that  such  differences 
as  exist  are  due  to  experimental  errors  and  to  impurities  acquired  in  the 
long  process  of  purification  to  which  each  fraction  was  submitted,  rather 
than  to  any  uncertainty  regarding  the  nature  of  cobalt  itself.  For  either 
interpretation  the  data  are  inconclusive,  and  I  therefore  feel  justified  in 
treating  the  mean  like  other  means,  and  in  combining  it  finally  with 
them. 

From  the  same  point  of  view — that  is,  with  reference  to  the  supposed 
heterogeneity  of  nickel — Kriiss  and  Schmidt  *  carried  out  a  series  of  frac- 
tionations of  the  metal  by  distillation  in  a  stream  of  carbon  monoxide. 
Nickel  oxide,  free  from  obnoxious  impurities,  was  first  reduced  to  metal 
by  heating  in  hydrogen,  after  which  the  current  of  carbon  monoxide  was 
fdlowed  to  flow.  The  latter,  carrying  its  small  charge  of  nickel  tetra- 
carbonyl  was  then  passed  through  a  Winkler's  absorption  apparatus  con- 
taining pure  aqua  regia,  from  which,  by  evaporation,  nickel  chloride  was 
obtained,  and  from  th&t,  by  reduction  in  hydrogen,  the  nickel.  Ten 
such  fractions  were  successively  prepared  and  studied  ;  first,  by  prepa- 
ration of  NiO  and  its  reduction  in  hydrogen ;  and,  secondly,  in  some 
cases,  by  the  reoxidation  of  the  reduced  metal,  so  as  to  give  a  synthetic 
value  for  the  ratio  Ni :  0.  The  data  obtained  are  as  follows,  the  successive 
fractions  being  numbered  : 


Reduction  of  NiO. 

NiO. 

Ni. 

/Vr  cffti.  Ni. 

*  1    .7471 

.2926 

78.614 

.5870 

78.571 

2.1    -7^59 
'1    .7606 

.60085 

78.450 

.5961 

78.372 

(1.0175 

.7984 

78.467 

3.  \  1. 2631 

.99065 

78.430 

(1.2582 

.9868 

78.429 

i    .9200 

.4076 

78.490 

.7215 

78.424 

1    .4052 
^   1    .65'8 

•3179 

78.455 

.5ii' 

78.414 

6.  1     3623 
(    .5556 

.4399 

78.232 

.4350 

78.294 

(    .9831 

.7724 

78.568 

1'\    .9765 

.7646 

78.300 

C  .9639 

.7557 

78.400 

•Zcit.  Anorg.  Chem.,  2,  235.    1892. 
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8. 


.5756 

.56765 

.5663 

•5449 

A    •3'74 

I  .3148 

f  .4976 


.4961 


2. 


\'2 

(.9 


4. 


.5870 

f  .6011 

( .5961 

7988 

3-  -{  .99«3 
9868 

4093 
.7216 

.3>94 
.5111 

.4415 
.4350 
7752 
7667 

7558 

.4555 
.4456 

.44415 
4423 
2So8 
2467 
(  .3918 
1 .3891 


8.S 


{:: 


.4538 

78.839 

.4451 

78.411 

.4438 

78.368 

.4272 

78.400 

.2491 

78.481 

.2467 

78.367 

.3904 

78.457 

.3891 

78.43« 

Mean,  78.444,  d 

Oxidation  of  NL 

NiO. 

Percent  N\ 

.7471 

78.571 

.7659 

78.37a 

.7606 

78.359 

1.0175 

78.506 

I. 2631 

78.482 

C.2582 

78.429 

.5>93 

78.818 

.9200 

78.435 

.4052 

78.825 

.6518 

78.414 

.5623 

78.517 

.5556 

78.294 

.9831 

78.853 

.9765 

78.515 

.9639 

•78.411 

.5756 

.  79.135 

.56765 

78.499 

.5663 

78.430 

.5642 

78.394 

.3174 

79.015 

.3148 

78.367 

.4976 

78.738 

.4961 

78.432 

Mean,  78.557,  :t 

To  these  data  of  Kriiss  and  Schmidt  the  remarks  already  r 
cerning  Remmler's  work  seem  also  to  apply.  The  variations 
be  fortuitous,  and  not  systematic,  although  the  authors  seen 
that  they  indicate  a  compositeness  in  that  substance  which 
hitherto  regarded  as  elementary  nickel.  There  is  doubtless  • 
to  be  said  on  both  sides  of  the  question ;  but  if  Kriiss  and  8dl 
right,  all  previous  atomic  weight  determinations  for  Kstibii*^  ^ 
are  invalidated.     In  view  of  all  the  evidence,  then 

eir  varying  estimations  as  affected  by  accidsii 

tir  means  like  others.     On  this  basis,  thdr  1 


NICKEL  AN'D  COBALT.  305 

rork  as  foltawSf  Schiilzenberger '8  measurements  of  the  ratio  NiO :  Ni 
ipxed  equal  weight  with  those  of  Mond,  Langer,  and  Quincke: 

-      'U ^  ^.  78.593.  i.ooiS 

irrmAfin.. 78.582,  ±:  .OOO6 

Ijcr,  AOii  Qiiiuckc  ,..,,► ,  7^.545,  dr  .oo6i 

*^  rg«r 78534*  rb.006l 

Kitivs  ind  schmklt,  reduction  scries ...  7^*444,  -fc  .0166 

Kru*t  4mt  Schiniilt,  oxitlaiion  scries  . . . ,    ...  78.557,  it  .0319 

Genera.1  mean •,:.,.,,,.. 7S»570|  ±:  »ocx)6 

18S9  Winkler  ^  published  a  short  paper  conceruing  the  gold  method 
[dulenaming  the  atomic  weights  in  question,  but  gave  in  it  no  actual 
In  1803 1  he  returned  to  the  problem  with  a  new  line 
It  the  same  time  he  takes  occasion  to  criticise  Kriisa  and 
d^ieamewhat  sorerely.    He  utterly  rejec^ts  the  notion  that  either 
'f  cunUin  any  hitherto  unknown  element,  and  ascribes  thd 
BVi  abti\ined  by  Kriisa  and   Schmidt  to  impurities  derived 

1  the glai**  apjiaratus  Ui^ed  in  their  experiments.  For  his  own  part 
viw  wofk:»  with  pure  nickel  and  cobalt  precipitated  electrolytically 
Ki|Hm  |«intinum«  and  aviiids  the  Uiee  of  ^laga  or  porcelain  vessels  so  far 
With  material  thus  obtained  he  operates  by  two  diijitinct 
related  methods,  both  starLin<^  with  the  inetnl,  nickel  or 
^'o^tin^  it  next  into  neutral  chloride,  and  then  nioasuring  the 
iviinetricaUy  in  one  proces^^,  vokimetrically  in  the  other. 
,  :t  cipitiUion  in  a  platinum  dish,  the  nickel  or  cobalt  is  washed 
|»itb  waU?r.  rinsed  with  alcohol  and  ether,  and  then  weighed.  It  is  next 
'M  [)Uro  hydrochloric  acid,  pro|ierly  diluted,  and  by  evapora- 
yncM  ami  bmg  heatin;^  to  loU"*  converted  into  anhydrous  ehlo- 
[odt  Tb©  nick«l  chloride  thus  obtained  dissolves  perfectly  in  water, 
I ve  a  slight  residue  in  which  the  metjil  was 
» lid  allowed  for.  In  the  redisstilved  chloririe, 
j ^f  |ira'i|jjtaiion  with  silver  nitrate,  silver  chloride  is  obtained^  giving  a 
ImiH'tnitiH '  II  that  compound  and  the  nickel  or  cobalt  originally 

Mmih.   Ti  H'tric  data  are  a^  follows,  with  the  metal  equivalent 

[l)liit)partftof  gllver  chloride  given  in  a  final  column: 

Nickei 
AV,  ^gCl.  Rath, 

'ioii  1.462 1  ^.594 

.2241  t.oo8i  20.605 

-3166  3.5109  20.570 

4879  ao679  2a6o5 

.J817  I  8577  20.601 

•toi  i.75«7  20.568 

Mean,  20.590.  dr  .0049 
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>    Cobalt. 

Co. 

AgCL 

Ratio. 

3458 

1.6596 

20.836 

.3776 

1. 8105 

20.856 

.4493 

2.1521 

20.877 

.4488 

2.1520 

20.855 

2856 

1.3683 

20.873 

.2648 

1.2768 

20.2S86 

Mean,  20.864,  :i:  • 

In  the  volumetric  determinations  the  neutral  chloride,  pn 
before,  was  decomposed  by  means  of 'a  slight  excess  of  potas 
bonate,  and  in  the  potassium  chloride  solution,  after  reraoT 
ni(!kel  or  cobalt,  the  chlorine  was  me&sured  by  titration  by ' 
method  with  a  standard  solution  of  silver.  The  amount  of  si 
used  was  comparable,  with  the  metal  taken. 

Nickel, 


Ni. 

Ag, 

Ratio. 

.1812 

.6621260 

27.366 

.1662 

.6079206 

27.339 

.2129 

.7775252 

27.382 

.2232 

.8162108 

27.346 

.5082 

1.8556645 

27.386 

'453 

.5315040 
CobaU. 

27.338 
Mean,  27.359,  ± 

Co. 

Ag. 

Ratio. 

.177804 

.6418284 

27.702 

263538 

.9514642 

27.699 

245124 

.8855780 

27.679 

190476 

.6866321 

27741 

266706 

.9629146 

27.696 

263538 

.9503558 

.     27731 

Mean,  27.708,  :fc . 

In  view  of  the  possibility  that  the  cobalt  chloride  of  the  forej 
periments  might  contain  traces  of  basic  salt,  Winkler,  in  a  sup 
ary  investigation,*  checked  them  by  another  process.  To  theel< 
cobalt,  in  a  platinum  dish,  he  added  a  quantity  of  neutral  silver 
and  then  water.  The  cobalt  gradually  went  into  solution,  and 
silver  was  precipitated.     The  weights  were  as  follows: 

Co. 


.2549 
.4069 


.9187 
1. 469 1 


*  Zeit.  Anorg.  Chera.,  4,  463.    1893. 
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On  examination  of  the  silver  it  was  found  that  traces  of  cobalt  were 
retained — less  than  0.5  mg.  in  the  first  determination  and  less  than  0.2 
mg.  in  the  second.  Taking  these  amounts  as  corrections,  the  two  experi- 
ments give  for  the  ratios  Ag, :  Co : :  100 :  x  the  subjoined  values : 

27.706 
27.687 

These  figures  confirm  those  previously  found,  and  as  they  fall  within 
the  limits  of  the  preceding  series,  they  may  fairly  be  included  in  it,  when 
all  eight  values  give  a  mean  of  27.705,  zfc  .0050. 

Still  another  method,  radically  different  from  all  of  the  foregoing  pro- 
cesses, was  adopted  by  Winkler  in  1894.*  The  metals  were  thrown  down 
electrolytically  upon  platinum,  and  so  weighed.  Then  they  were  treated 
with  a  known  excess  of  a  decinormal  solution  of  iodine  in  potassium 
iodide,  which  redissolved  them  as  iodides.  The  excess  of  free  iodine  was 
then  determined  by  titration  with  sodium  thiosulphate,  and  in  that  way 
the  direct  ratio  between  metal  and  haloid  was  ascertained.  The  results 
were  as  follows,  with  the  metal  proportional  to  100  parts  of  iodine  given 
in  the  third  column : 


First  scries  , 


Second  series . . 


WL  Co. 

{  -4999 
.5084 
.5290 
.6822 
.6715 
.5185 
.5267 

.5319 


Cobalt, 

IVLI. 
2.128837 
2.166750 

2.254335  ^ 

2.908399 

2.861617 

2.209694 

2.246037 

2.268736 


Ratio. 
23.482 

23.463 
23.466 
23.456 
23.466 

23.465 
23450 
23.445 


Mean,  23.462,  rb  .0027 

Nickel. 

Wt.  NL 

IVi.  I. 

Ratio. 

'.5144 

2.217494 

23.251 

•4983 

2.148502 

23.246 

First  series. ...  ^ 

.5265 

2.268742 

23.260 

.6889 

2.970709 

23.243 

. .6876 

2.965918 

23.237 

r.5120 

2.205627 

23.267 

Second  series . .  - 

.5200 

2.240107 

23.267 

..5246 

2.259925 

23.267 

Mean,  23.255,  ±  .0091 

In  these  experiments,  as  well  as  in  some  previous  series,  a  possible 
source  of  error  is  to  be  considered  in  the  occlusion  of  hydrogen  by  the 


►  Zcitsch.  Anorg.  Chtrm.,  8,  1.     1894. 
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metals.  Accordingly,  in  a  supplementary  paper,  Winkler*  gi 
results  of  some  check  experiments  made  with  iron,  which,  howei 
not  abaolutely  pure.  The  conclusion  is  that  the  error,  if  existei 
be  very  small. 

In  1895  Hempel  and  Thiele's  work  on  cobalt  appeared.!  Pirsl 
oxide,  prepared  from  carefully  purified  materials,  was  reduced  in 
gen.  The  weights  of  metal  and  oxygen  are  subjoined,  with  the  ] 
age  of  cobalt  in  the  oxide  deduced  from  them : 


Co. 

a 

Percentage. 

.90068 

.24429  • 

78.664 

.79159 

.21445 

78.686 

1.31558 

.35716 

78.64« 

Mean,  78.666,  ±  .0 

This  mean  combines  with  former  means  as  follows : 

Russell 78.592,  =fc  .0023 

Zimcnercnann 78.635,  ifc  .0002 

Remcnler 78.613,  ±:  .0099 

Hempel  and  Thiele 78.666,  ^  .0074 

General  mean 78.633,  ^  .0002 

In  their  next  series  of  experiments,  excluding  a  rejected  series, 
and  Thiele  weighed  cobalt,  converted  it  into  anhydrous  chlor 
noted  the  gain  in  weight.     Ii^four  of  the  experiments  the  chloi 
afterwards  dissolved,  precipitated  with  silver  nitrate,  and  then  tl 
chloride  was  weighed.    The  data  are  as  follows  : 

AgCl. 


Co. 

CI  Taken  Up 

7010 

.8453 

3138 

.3793 

2949 

.3562 

4691 

.5657 

5818 

.7026 

5763 

.6947 

5096 

.6142 

1.4340 
2.2812 

2.8303 
2.4813 


From  these  weights  we  get  two  ratios,  thus  : 

C/, '.  Co  1 100  '.  X.  2AgCl  I  Co  II  too  :  X. 

82.929  20.565 

82.731  20.564 

82.791  20.556 

82.924  20.538 

82.807  

82.957  Mean,  20.556,  d:  .0043 
82.970 

Mean,  82.873,  ±  .0241 

•  Zeitsch.  Anoi^.  Chem.,  8,  391.    1895. 
t  Zeitach.  Anorg.  Chem.,  ix,  73. 
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\k«^  »90oo(]  af  tbp&;e  ratiod  was  also  studied  by  Winkler,  and  the  two 
i  Horn  bine  ai^  fiiUowa  t 


W»n1sl«r.,_ 


20,864,  rb  .0050 
20.556,  =b  .0043 


General  mean , , 20.687,  ^  -^^JS 

1  and  Thiele  apply  to  it  a  correction  for  silver  chlorido  reUiined 
pft'lution.  hut  lit*  amount  is  small  and  not  altogether  certain.    For 
'>'<*^rt  ihe  corrt^tnion  may  be  neglecte<K 
.  .:  imic  weight  of  nickel  we  now  have  ratios  as  follows  : 

(I.)  Per  cem.  of  Ni  in  NiC,04.3H,0,  39,084,  zfc  .006 
(a,)  Per  cent,  of  CO,  from  NiC^O^.sH^O,  44.09$,  ±:  .027 
(3,)  Per  cem.  of  Ni  in  NiC,0j,2H,0,  31,408,  ±:  .0026 
(4,)  Per  cent,  of  CO,  from  NiC,0<,2H,0,  47.605,  ±^  ,053 
(5.)  Per  cent,  of  NI  b  brucU  nickel o<yanide,  57295,  dk  .0034 
(6,)  Per  cent,  of  Ni  in  strychnia  nJckelocyanide,  6.595,  =fc  -^^S 
(7,)  Per  Cent,  of  NiO  in  NiSO^,  48.269,  db  .01 8 
(1)  Per  cenu  of  Ni  in  NiO,  78.570,  ±:  .0006 
(9.)  Ag,  :  NiCi,  :  :  100  :  60. 194,  ±:  .0061 

{la)  aAgCI  :  Ni  :  :  too :  20.590,  dr  .OO49 

(II.}  Ag,  1  Ni :  i  100  :  27*359,  ±  .0059 

(IJL)  Au,  :  Ni,  2  :  too  :  45.209,  =h  .019 

(Ij.)  B*SO, :  K,Ni(S0,),.6H,0  :  :  too  :  93.6505^  ±  .001 

(f4-)  Ni  1  M,  : :  100  :  3.421 1,  rfc  .001 

(15.)  I,  i  Ni  J  I  lixi  I  23.255,  d:  .0091 

)  reduction  of  these  ratios  the  following  atomic  and  molecular 


are  appllcaltle : 

O  =  15.879,  ^  *«x)3 
C  =  11.920,^.0004 
N   =    i3  935.  :^  •«»^« 

S  ^  31.828,  :tr.0035 
Af  ^  107. 108,  ±:  .0031 

a  =:  35.»79»=b,oo48 


I  =125.888,  dr. 0069 
K  =  38.8i7»  =fc.«>S» 
Bji  =  136.392,  J:  .0086 
.Au  ^195.743,1^.0049 
AgCl  =  142.287,  ±  .0037 


I  the  pn^portion  of  water  in  the  oxalates  is  not  an  absolutely  cer- 

lantity,  the  fhita  concerning:  them  can  be  best  handled  by  employ- 

k^  n^tim  bKwiH^^n  carbon  dioxide  and  the  metal.     Accordingly,  ratios 

:\xe  a  single  value  for  Ni,  and  ratios  (3)  and  (4)  another.     In 

--  -Mv  thirteen  values  for  the  atomic  weight  in  question  : 


fnm  (1)  an«!  i?i 
rmi(6) 


Ni  =  57.6t4,  iir.0372 
*•  =  57.625,  :^  .OJ43 

"  ^  57-635,  ^  .0644 

»•   =  57  687,  ±:  ,0439 
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From  (14) Ni  =  58.456,  db  .0316 

From  (15) **  =58.551,  ±z  .0231 

From  (9)    **  =  58.587,  db  .0179 

From  (10) "  =58.594,  rfc. 0141 

From  {i  I) •*  =  58.607,  ir  .0128 

From  (12) "  =  58.994,  d=  .0248 

General  mean Ni  =  58.243,  db  .0019 

If  0  =  16,  this  becomes  Ni  =  58.687. 

It  is  quite  evident  here  that  ratio  (8),  which  includes  the  mar 
concordant  determinations  of  Zimmermann,  far  outweighs  all  t 
data.  Whether  so  excessive  a  weight  can  justifiably  be  assigne 
set  of  measurements  is  questionable,  but  the  general  mean  thus 
is  not  far  from  midway  between  the  highest  and  lowest  of  the  va] 
hence  it  may  fairly  be  entitled  to  provisional  acceptance.  No  0: 
individual  values  rests  upon  absolutely  conclusive  evidence,  sc 
one  can  be  arbitrarily  chosen  to  the  exclusion  of  the  others, 
investigation  is  evidently  necessary. 

For  cobalt  we  have  sixteen  ratios,  as  follows  : 

(i.)  Per  cent,  of  Co  in  CoC20^.2H,0,  32.5^55,  dz  .0149 

(2.)  Per  cent,  of  CO,  from  CoC,0^.2H,0,  47.7475,  ±  .0213 

(3. )  Per  cent,  of  Co  in  CoO,  78.633,  ±  .0002 

(4.)  Per  cent,  of  Co  in  purpureocobalt  chloride,  23.6045,  db  .0018 

(5.)  Per  cent,  of  Co  in  phenylammonium  cobalticyanide,  1 1. 8665, .d:. 

(6.)  Per  cent,  of  Co  in  ammonium  cobalticyanide,  21.943,  db  .029 

(7.)  Per  cent,  of  Co  in  brucia  cobalticyanide,  3.7437,  ±  .0036 

(8.)  Per  cent,  of  Co  in  strychnia  cobalticyanide,  4.5705,  db  .005 

(^.)  Per  cent,  of  CoO  in  CoSO^,  48.287,  db  .0135 

(10.)  Agj  :  CoCl,  :  :  lOO  :  60. 200,  ±  .0095 

(11.)  2AgCl  :  Co  :  :  100  :  20.687,  db  .0033 

(12.)  Ag,  :  Co  :  :  100  :  27.705,  ±  .0050 

(13.)  Au,  :  Co,  : :  100  :  45.I5I»  ±  ^2$ 

(14.)  Co  :  H,  :  :  100  :  3.4110,  ±  .0009 

(15.)  I,  :  Co  :  :  100  :  23.462,  d=  .0027 

(16.)  CI,  :  Co  :  :  100  :  82.873,  =b  .0241 

From  these,  using  the  atomic  weights  already  cited  under  nic 
combining  ratios  (1)  and  (2),  we  get — 

From  (16) Co  =  58.308,  db  .0187 

From  (9) "  =  58.32",  ±  .0288 

From  (3) ••  =  58.437.  ±  .0014 

From  (10) **  =  58.600,  dt  .C»«8 

From  (14) *'  =  58.630,  db  .«l86 

From  (5) "=  58.639,  ifc .061^    '■ 

From  (8) "  =  «8-fio6L  + 

From  (6) " 

From  (4) •« 

From  (7)   «• 
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From  (II) Co  —  58.870,  =b  .0094 

From  (13) *•  =  58.920,  db  .0327 

From  (15) A •*  =  59.072,  ±:  .0075 

From  (12) **  =  59.349,  ±  .o»o8 

From  (I)  and  (2) '*  =  59.562,  ifc  .0382 

General  mean Co  =  58.487,  ±  .0013 

If  0  =  16,  this  becomes  Co  =  58.932. 

Here  again  the  oxide  ratio,  because  of  Zimmermann's  work,  receives 
fOLceeaive  and  undue  weight.  The  arithmetical  mean  of  the  fi  fteen  values 
ttCo  =  58.781.  Between  this  and  the  weighted  general  mean  the  truth 
probably  lies,  but  the  evidence  is  incomplete,  and  more  determinations 
are  needed. 


RUTHENIUM. 


The  atomic  weight  of  this  metal  has  been  determined  by  Claus  and 
bjJoly.  Although  Claus*  employed  several  methods,  we  need  only 
insider  his  analyses  of  potassium  rutheniochloride,  K^RuClj.  The  salt 
^*8  dried  by  heating  to  200°  in  chlorine  gas,  but  even  then  retained  a 
^^^o(  water.    The  percentage  results  of  the  analyses  are  as  follows : 

Ru,  2KCL  CU. 

28.96  40.80  30.24 

28.48  4<.39  30.22 

28.91  41.08  30.04 


Mean,  28.78  4109  30.17 

'^toning  directly  from  the  percentages,  we  get  the  following  dis- 
**^iJt  values  for  Ru: 

From  percentage  of  metal Ru  =  102.45  * 

From  percentage  of  KCl **  =  106.778 

From  percentage  of  CI3 "  =z   96.269 

^^  results  are  obviously  of  little  importance,  esi)ecially  since  the 
^<>^them  is  not  in  accord  with  the  position  of  ruthenium  in  the 
•J^^Byatem.    The  work  of  Joly  is  more  satisAictory.f     Several  com- 

of  rathenium  were  analyzed  by  reduction  in  a  stream  of  hy- 

"^^         '  'lowing  results : 

for  Prakt.  Chera.,  34,  4^.     1845. 
Rend.,  108.  946. 
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First,  reduction  of  RuO, : 

RuOn,                              jRu.  PtrcenLRu. 

2.1387  1.6267  76.060 

2.5846  1.9658  76.058 

2.3682  1. 8016  '  76.075 

2.8849  2.1939  76.046 

Mean,  76.060,  d:  .0040 
» 

Second,  reduction  of  the  salt  RuCl3.N0.H,0 : 

Per  cent,  Ru, 

39.78 
39.66 

Mean,  39.72,  ±.0405 

Third,  reduction  of  RuCl3.N0.2NH,Cl : 

Per  cent,  Ru. 
29.44 
29.47 

Mean,  29.455,  d=  .0101 

Computing  with  0  =  15.879,  di  .0003 ;  N  =  13.935,  ±i  .0021,  and  C 
35.179,  ±  .0048,  these  data  give  three  values  for  ruthenium,  as  foUo 

1.  From  RuO, Ru  =  100.922,  db  .0178 

2.  From  RuClj.NO.HjO **  =  100.967,  rfc  .  I  loa 

3.  FromKuCl,.N0.2AmCl *»   =  100.868,  =b  .0387 

General  mean Ru  =  100.913,  d:  .0160 

If  0  =  16,  Ru=  101.682. 


i 
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RHODIUM. 

^lius*  determined  the  atomic  weight  of  this  metal  by  the  analysis 
)dium  and  potassium  rhodiochlorides,  NajRhCl^,  and  KjRhClj.  The 
rsalt  was  dried  by  heating  in  chlorine.  The  compounds  were  ana- 
I  by  reduction  in  hydrogen,  after  the  usual  manner.  Reduced  to 
rntages,  the  analyses  are  as  follows  : 


In  Na^RhCl,. 

Rh, 
26.959 
27.229 

jNaCL 

45.853 
45.301 

27.189 
27.470 
27.616 

'.  27.094 

Mean,  45.577 
In  K,RhCl,. 

Mean,  27.425 

Rh. 
28.989 

2KCL 
41.450 

29.561 

(m  the  analyses  of  the  sodium  salt  we  get  the  following  values  for 

From  per  cent,  of  metal Rh  =  104. 191 

From  per  cent,  of  NaCl **  =  102.449 

From  per  cent,  of  CI, *•  =  105. 103 

From  ratio  between  CI,  and  Rh *'  =  104.263 

From  ratio  between  NaCl  and  Rh **  =  103.544 

!se  are  discojrdant  figures ;  but  the  last  one  fits  in  fairly  well  with 
dues  calculated  from  the  potassium  compound,  which  are  as 
'8 : 

From  per  cent,  of  metal Rh  =  103.499 

From  per  cent,  of  KCl "   =  103.648 

From  per  cent  of  CI, **  =  103.485 

From  Rh  :  CI,  ratio # *'   =  103.495 

From  Rh  :  KCl  ratio **  ^=  103. 540 

Mean Rh  =  103.533 

)—  16,  this  becomes  Rh  =  104.323. 

leDSeo^  determination, t  so  far  as  I  can  ascertain,  was  published 
Mi^  ««««limiiiaiy  note,  to  the  effect  that  the  atomic  weight  of  rho- 
» details  are  given. 

imL  Annalen,  13,  435.    1828. 
\rPrakt.  Chetn.  (3),  37.  486. 
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Seubert  and  Kobbe  *  determine  the  atomic  weight  by  igniting  ri 
pentamine  chloride  in  hydrogen,  and  weighing  the  residual  metal 
results  are  given  below  : 

Rh{NH;)f,Cl^,  Rh.  Percent.  Rh. 

1-8585  .6496  34.953 

1.5560  .5435  34.929 

1.5202  .5310  34.930 

2.01 1 1  .7031  34.961 

1.8674  .6528  34.958 

2.4347.  .8513  34.965 

2.3849  .8338  34.962 

2.5393  .8881  34.974 

1.4080  .4920  34.943 

1.4654  .5^23  34.960 

Mean,  34-954,  ±  -Oi 

In  the  sixth  experiment  the  ammonium  chloride  formed  wasc 
in  a  bulb  tube,  and  estimated  by  weighing  as  silver  chloride, 
grms.  of  AgCl  were  obtained. 

Computing  with  N  =13.935,  di  .0021 ;  CI  =35.179,  ifc  .0048,  and 
142.287,  d:  .0037,  we  have— 

From  per  cent,  of  metal Rh  =  102.215,  d=  .0143 

From  AgCl  ratio "  =  102.287,  ±:  .0324 

General  mean Rh  =  102.227,  ±  .0131 

If  0=  16,  Rh  =  103.006. 

In  the  second  of  these  values  the  probable  error  given  is  only  tl 
to  the  antecedent  atomic  weights  of  N,  CI,  and  AgCl.  It  is  tl 
lower  than  it  should  be.  The  two  values,  however,  are  fairly  in 
ment,  and  the  result  is  satisfactory. 

*  Ann.  d.  Chem.,  360,  318.    1890. 
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The  first  work  upon  the  atomic  weight  of  palladium  seems  to  have 
been  done  by  Berzelius.  In  an  early  paper*  he  states  that  100  parts  of 
the  metal  united  with  28.15  of  sulphur.  Hence  Pd  =  113.06,  a  result 
which  is  clearly  of  no  present  value. 

In  a  later  paper  t  Berzelius  published  two  analyses  of  potassium  pal- 
ladiochloride,  K^PdCl^.  The  salt  was  decomposed  by  ignition  in  hydro- 
gen, as  was  the  case  with  the  double  chlorides  of  potassium  with  platinum, 
osmium,  and  iridium.  Reducing  his  results  to  percentages,  we  get  the 
following  composition  for  the  substance  in  question  : 

Pd.  2KCL  CL,, 

32.726  46.044  21.229 

32.655  45.741  21.604 

Mean,  32.690  Mean,  45.892  Mean,  21.416 

From  these  percentages,  calculating  directly,  very  discordant  results 
are  obtained : 

From  percentage  of  metal   Pd  =  106.53 

From  percentage  of  KCl *  *  =  104. 1 3 

From  f>ercentage  of  CI,  (loss) **  =  1 10.20 

Obviously,  the  only  way  to  get  satisfactory  figures  is  to  calculate  from 
the  ratio  between  the  Pd  and  2KC1,  eliminating  thus  the  influence  of 
water  in  the  salt.  The  two  experiments  give,  as  proportional  to  100 
parts  of  KCl,  the  following  of  Pd : 

71.075 

71.391 

Mean,  71.233,  rb  .1066 

Hence  Pd  =  105.419. 

In  1847  Quintus  Icilius  %  published  a  determination,  which  need  be 
given  only  for  the  sake  of  completeness.  He  ignited  potassium  palladio- 
chloride  in  hydrogen,  and  found  the  following  amounts  of  residue.  His 
weights  are  here  recalculated  into  percentages  : 

64.708 

64.965 
64.781 

Mean,  64.818 

From  this  mean,  Pd  =  111.258.     This  result  has  no  present  value. 

♦Poggcnd.  Annnlcn,  8,  177.     1826. 
fPoggend.  Annalcn,  13,  454.     1828. 

t  "Die  Atomtfcwichte  vora  Pd,  K.  CI,  Ag,  C.  und  H,  nach  dcr  Methode  dcr  kleinsten  Quadrate 
berechnet."    Inaug.  Diss.    GOttingen,  1847.    Contains  no  other  original  analyses. 
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In  1889  Reiser's  first  determinations  of  this  constant  appeared.*  1 
ing  the  potassium  palladiochloride  to  contain  "  water  of  decrepitafl 
he  abandoned  its  use,  and  resorted  to  palladiammonium  chki 
PdCNHjCl),,  as  the  most  available  compound  for  his  purpose.  '. 
salt,  heated  in  hydrogen,  yields  spongy  palladium,  which  was  alio 
to  cool  in  a  current  of  dry  air,  in  order  to  avoid  gaseous  occlusions. 
salt  itself  was  dried,  previous  to  analysis,  first  over  sulphuric  acid, 
then  in  an  air  bath  at  a  temperature  from  120**  to  130**.  Two  seri 
experiments  were  made,  the  second  series  starting  out  from  pallad 
produced  by  the  first  series.    The  data  are  as  follows: 


Percent  Pd. 
50.402 
50.391 
50-378 
50.375 
50.370 
50.363 
50.370 
50.369 
50.378 
50.389 
50.380 


Fir%i  Series. 

Pd{NH^Cl\, 

pa. 

.83260 

.41965 

1.72635 

.86992 

1.40280 

.70670 

1.57940 

.79562 

1.89895 

.95650 

1.48065 

.74570 

1. 56015 

.78585 

1.82658 

.92003 

2.40125 

1.20970 

1. 10400 

.55629 

.933»o 

.47010 

Mean,  50.379,  ±  .oooj 


Reduced  to  vacuum  this  becomes  50.360. 


Second  Series. 

Pd(NH^Cl\. 

'   Pd. 

Percent,  Pd. 

2.61841 

1.31900 

50.374 

2.23420 

1.12561 

50.381 

1.73553 

.87445 

50.385 

1. 69160 

.85210 

50.372 

1.72403 

.86825 

50.362 

1. 12222 

.56535 

50.378 

1.17457 

.59200 

50.401 

2.42760 

1.22280 

50.371 
Mean,  50.378,  ± 

Reduced  to 

vacuum,  50.359 

The  reductions  to  vacuum  are  neglected  by  Keiser  himself,  but  aa 
added  in  order  to  secure  uniformity  with  later  results  by  the  samefli 
The  mean  of  both  series,  thus  corrected,  gives  Pd  =  105.74 

Bailey  and  Lamb  f  made  experiments  upon  several  oompooP'^ 
ladium,  but  finally  settled  upon  palladiammonium  chkrf« 


*Am.  Chem.  Joum.,  xx.  398.    18B9. 
tjoum.  Chein.8oc.,  61,  745.    189s. 
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Two  preliminary  experiments,  however,  with  potassium  palladiochloride 
are  given,  in  which  the  salt  was  reduced  in  hydrogen,  and  both  Pd  and 
KCl  were  weighed.  The  data  are  as  follows,  with  the  ratio  (calculated 
as  with  Berzelius'  experiments)  given  in  a  third  column : 


2KCI, 

1.49767 
.90484 


Pd, 

1.05627 

.6.^738 


Ratio. 
70.528 
70.441 

Mean,  70.485,  d:  .0290 


Hence  Pd  =  104.312. 

The  palladiammonium  chloride  was  studied  by  two  methods.  First, 
weighed  quantities  of  the  salt  were  reduced  in  hydrogen,  the  ammonium 
chloride  so  formed  was  collected  in  an  absorption  apparatus,  and  then 
precipitated  with  silver  nitrate.  The  weights  found  were  as  follows,  with 
the  PdCNHjCl),  proportional  to  100  parts  of  silver  chloride  given  in  the 
third  column : 


[NH,Cl\. 

AgCL 

Ratio, 

1.24276 

1.682249 

73.879 

1.08722 

1.468448 

74.040 

1.47666 

2.000164 

73.828 

1.34887 

1.837957 

73.390 

1.74569 

2.362320 

73.898 

Mean,  73.807,  rb  .0742 

Hence  Pd  =  li)5.808.  Bailey  and  Lamb  regard  this  as  too  high,  and 
8usi)ect  loss  of  NH4CI  during  the  operation. 

The  second  series  of  data  resemble  Keiser's.  The  salt  was  reduced  in 
hydrogen,  and  the  spongy  palladium  was  weighed  in  a  Sprengel  vacuum. 
The  data  are  as  follows : 


rd{NH,Cl),. 

Pd. 

Per  cent.  Pd, 

A  f  1.890597 
•  (  I.874I75 

•947995 

50.143 

.940271 

50.170 

'  1.307076 

B   1.340045 

.654687 

50.088 

.633207 

50.238 

1.905536 
,  1.685582 

.955950 

50.167 

.846472 

50.218 

'  1. 691028 

.849120 

50.213 

C  J  2. 1 12530 

1.059690 

50.162 

*  1  2. 1 10653 

I. 057910 

50.122 

,  I.969IOO 

.988155 

50.184 

Mean,  50.171,  4=  .0099 


Hence  Pd  =  104.943.     Bailey  and  Lamb's  weighings  are  all  reduced 
to  a  vacuum. 
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Keller  and  Smith,*  reviewing  Keieer'e  work,  find  that  palladiam* 
moniiim  chloride,  prepared  as  Keiser  prepared  it,  nmy  retain  traces  of 
foreign  metaU,  and  especially  of  copper.  Accordingl}^  they  prepared  a 
quantity  of  the  salt,  after  a  thorough  and  elaborate  process  of  purifica- 
tion, dried  it  with  extreme  care,  and  then  determined  the  palladium  by 
electrolysis  in  silver*coated  plati  num  dishes.  The  precipitated  palladium 
was  dried  under  varying  conditions,  concerning  which  the  original  me- 
moir niu^t  be  consulted,  and  was  proved  to  be  free  from  occluded  hydrt>- 
gen.  By  this  meLhod  two  sets  of  experiments  were  made  to  determine 
the  atomic  weight  of  palladium  ;  but  for  present  purposes  the  two  may 
fairly  be  treated  as  one.  The  data  obtained  are  as  follows,  but  the 
weights  do  not  appear  to  have  been  reduced  to  a  vacuum; 


Pd(N//,Cf)^. 

pa. 

Bn-cenLFd, 

r  1,29960 

.  i  1.05430 

(1.92945 

.65630 

50.504 

.53253 

50.510 

.97455 

50509 

1.94722 

•98343 

50.504 

1.08649 

.54870 

50.502 

t.28433 

.64858 

50J03 

^ , 

1.68275 

.85010 

50.5"  9 

1.69113 

.8543 J 

50.517 

.1.80805 

9t3iO 

50.502 

Mean,  50.50S,  =b  ,0014 

Hence  Pd  ^=  106.368,  a  result  notably  higher  than  Keiser  s. 

Keller  and  Smith  account  for  the  difference  between 'ill eir  determina- 
tions and  Keiser*s  partly  by  the  assumption  that  the  materials  used  by 
the  latter  were  not  pure^  and  partly  l>y  considerations  based  on  the  pro- 
cess. In  order  to  clarify  the  latter  part  of  the  question  they  made  three 
eet*^  of  experiments  by  Kciser's  method,  slitrhtly  varying  the  conditions. 
Firrtt,  the  clduride  was  not  pulverized  bt?fore  ignition,  and  sbght  decrepi- 
tation took  place,  while  dark  stains  of  palladium  apf)eared  in  the  reduc- 
tion tube,  indicating  loss  by  volatilization.  Secondly,  the  chloride  was 
prepared  from  crude  palladium  exactly  as  described  by  Koiser,  l>ut  ivaa 
pulverized  before  reduction.  No  decrepitation  ensued,  but  traces  of  pal- 
ladium were  volatilized.  The  third  seriui^,  also  on  finely  pulverized 
material,  was  like  the  second  ;  but  the  palladiammonium  chloride  wa« 
purified  by  Keller  and  Smith's  process.  The  three  series,  here  treated 
as  one,  are  as  follows : 

yV(A7/.a),.  Fd,  PtrcenLPd. 

.62955  »3«743  50.422 

FiRt«cries,...J     ^77270  .38942  50,397 

.83252  .4«9>S  50-350 

•99055  -49895  S0.37t 


•Amer  Chcm.  Jottrn.j  t|»  41^,    \h^i. 
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Fd{NH^C[)r 

/v. 

Percent  Pd. 

' 

'1.02175 

.51468 

50.372 

1. 10325 

•55590 

50.388 

Second  scries..  - 

.66690 

•33590 

50.367 

.86840 

.43733 

50.360 

1.41430 

.71255 

50.382 

1 1. 15234 

.58050 

50.376 

'   .96229 

.48502 

50.403 

Third  scries. . .  - 

.97804 

.49294 

50.401 

.94253 

.475«7 

50.414 

,   .86090 

.43405 

50.430 
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Mean,  50.388,  ±  .0043     v 

The  three  series  seem  to  be  fairly  in  agreement  between  themselves, 
and  with  Reiser's  work,  but  diverge  seriously  from  the  electrolytic  data. 

Keller  and  Smith  also  attempted  to  determine  the  atomic  weight  of 
palladium  by  heating  the  palladiammonium  chloride  in  sulphuretted 
hydrogen,  and  so  converting  it  into  the  sulphide,  PdS.  These  data  were 
,  obtained : 


Pd{NH,a)r 
.71699 
1. 31688 


PdS, 

.47066 

.86445 


Percent  CdS, 

65.644 
.      65.659 


Mean,  65.651,  ±.0051 


Hence  Pd  =  106.55.  This  result,  however,  is  afifected  by  the  work  of 
Petrenko-Kritschenko,*  who  has  shown  the  existence  of  the  sulphide 
PdS  to  be  uncertain. 

Joly  and  Leidi6,t  in  their  determinations  of  this  atomic  weight,  re- 
turned to  the  potassium  palladiochloride,  KjPdCl^.  In  their  first  series 
of  experiments  the  salt  was  dried  in  vacuo  at  ordinary  temperatures.  It 
was  then  electrolyzed  in  a  solution  acidulated  with  hydrochloric  acid, 
both  the  deposited  palladium  and  the  potassium  chloride  being  weighed. 
The  palladium  wiis  dried,  ignited  in  a  stream  of  hydrogen,  and  cooled  in 
an  atmosphere  of. carbon  dioxide.  The  results  were  as  follows,  with  the 
column  added  by  ine  giving  the  Pd  equivalent  to  100  parts  of  KCl : 

K.PdCl,.  Pd.  2KCL  Ratio. 

1.0255  .3919  .5520  70.996 

I. 2178  .3937  .55S>  70.924 

I. 2518  .4048  .5687  71.016 

Mean,  70.979,  db  .0188 

This  series  was  rejected  by  the  authors,  because  the  salt  was  found  to 
contain  water — in  one  case  0.23  per  cent.     This  error,  however,  should 


•  Zcit.  AnorR.  Chcra.,  4,  251.     1893. 
tCompt.  Rcud.,  116,  147.    1893. 
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not  invalidate  the  Pd  :  KCI  ratio.  In  a  second  series  the  palladiochlo- 
ride  was  dried  in  vacuo  at  100°,  giving  the  following  data; 

k\Pda,,  Pit  2KCL                   RaHa. 

1.3635  .4422  -6186        7  ••484 

3.0628  .9944  1.3929         7r,39i 

1.4845  .4816  .6782         71,011 

1.7995  .5838  .8206         7'''43 


Mcan»  71.257,  ±  .0736 

The.ge  experiments  seem  to  be  less  concordant  than  the  preceding  set. 
It  mnst  be  noted,  however,  that  the  'authors  reject  the  KCI  determrna* 
tions  and  com|iute  directly  from  tht;  ratio  between  the  salt  and  the  metal. 
But  the  ratio  here  chuaen  agrees  best  with  the  determinations  made  hy 
other  observers,  i^^iving  for  this  series  the  mean  value  IM  =  105.45o,  anrl 
is,  moreover,  uniform  with  the  data  given  V>y  BerzeUus  and  by  Railt-y 
and  Laml>, 

Joly  and  Leidie  also  t^ive  two  ex[ieritnents  made  by  reducing  the 
K-jlMCl^  in  hydro<^en,  with  the  subjoined  results: 

K^FdCl^.  Fd,  2KCL 

2.4481  J949  I.I16S 

1.8250  ,5930  .8360 


Ratio. 

71.177 

70953 


Mean,  71.055,  dc  .0823 


Combining  these  data  with  previous  series,  we  have — 

Berzelius , ,   7I.31J,  db  .I066 

Bailey  and  Latnb , , , ,   70,485,  dt  .0290 

Joly  and  Lei dt6,  first. .70,979,^1,0188 

Joly  and  Leidii,  second  ...,,.. 71.257,  rh  .0736 

Joly  and  Leidi6,  third 7>.o55,  ±  .0823 


General  mean« 


70,865,  db  .0150 


In  view  of  the  discordance  among  the  determinations  hitherto  cited 
and  bernnse  of  tlie  eriticisms  made  by  Keller  and  Smith,  Keiser,  jointly 
with  Miss  Mary  B,  Breed,*  repeated  his  Ibrtner  work,  with  some  varia- 
tions and  ailded  precautions  to  ensure  accuracy.  His  general  method 
was  the  same  as  before,  namely^  the  reduction  of  palladiamnionium 
chloride  by  a  stream  of  hydrogen.  First,  palhvdinm  was  purified  by 
distillation  as  PdCl,  at  low  red  heat  in  a  current  of  chlorine.  From  this 
chloride  the  palladiammonium  salt  was  then  prepared.  U[)on  heating 
the  compound  gently  in  a  stream  of  hydrogen,  decomposition  ensued 
absolutely  without  decrepi tuition  or  loss  of  palladium  by  volatilization. 
Neither  source  of  error  existed.    The  results  obtained  were  these : 


PALLADIUM. 

{NN,C/)r 

Pd. 

Per  cent  Pd, 

1.60842 

.80997 

50.358 

2.08295 

1.04920 

50.371 

2.02440 

1.01975 

50.373 

2.54810 

1.28360 

50.375 

1-75505 

.88410 

50.375 

Mean, 

50.370,  i  .< 

Reduced  to 

vacuum, 

.  50.351 
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In  a  second  series  of  experiments,  palladium  was  purified  as  in  the 
tiriiw  investigation,  but  with  special  care  to  eliminate  rhodium,  iron, 
«opper,gold,  mercury,  etc.  The  palladiammoniura  salt  prepared  from 
this  material  gave  as  follows : 


\NH,Cl)r 

1.50275 

1.23672 

1.34470 

1.49059 

Pd. 

.62286 
.67739 
.75095 

Reduced  to 

Pe 

Mean, 
vacuum. 

rr  cent.  Pd. 

50.364 
50.365 
50.375 
50.379 

50.371,  ±.0026 
50.352 

Here,  again,  no  loss  fh)m  decrepitation  or  volatilization  occurred, 
although  eridence  of  such  loss  was  carefully  sought  for.  The  data  thus 
^ned  may  now  be  combined  with  the  previous  series,  thus : 

Keiser,  first  series 50.360,  ±:  .0008 

Keiser,  second  series 50.359,  rh  .0028 

Bailey  and  Lamb SO.171,  dt  .0099 

Keller  and  Smith,  electrolytic 50.508,  dz  .0014 

Keller  and  Smith,  hydrogen  series 50.388,  ±  .0043 

Keiser  and  Breed,  first  series 50.351 ,  ±.  .0023 

Keiser  and  Breed,  second  series 50.352,  dr  .0026 

General  mean 50388,  ±.  .00062 

For  palladium,  ignoring  the  work  of  Quintus  Icilius,  the  subjoined 
»tio8  are  now  available : 

(I.)  2KCI  :  Pd  :  :  100  :  70.865,  rb  .0150 
(2.)  Per  cent.  Pd  in  PdCNHjCI),,  50.388,  rb  .00062 
(3.)  2AgCl  :  Pd(NH,CI),  :  :  100  :  73.807,  =b  .0742 
(4.)  PdCNHjCl),  :  PdS  :  :  100  :  65.651.  ±  .0051 

llSliWtaeedeat  data  are— 

^±.0048  S    =    31.828,  jt  .0015 

t  .0051  AgCI  =  142.287,  ±z  .0037 

»I 
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Hence,  for  the  atomic  weight  of  palladium,  we  have — 

From  ( I). . . . Pd  =  104.S74,  ^  .0243 

From  {2) **  =::  105.858,  ±:  .0200 

From  (3) ,  *•  ;=  I05.80S,  :±.2ii7 

From  (4) , .    "  =  106.55a,  ±  ,0491 

General  mean l*cl  ^  IO5.556,  dr  '0147 

With  O  ^  IG,  Pd  =  100.354. 

Tiiking  tlie  values  separately,  the  second  is  probably  the  best;  but  in 
view  of  the  work  done  by  Bafley  and  Laiul>  on  one  .side,  and  by  Keller 
and  Hniith  on  the  titlien  it  cannot  be  accepted  unreservedly.  Until  the 
cause  of  variation  in  the  results  Ib  clearly  determined,  it  is  better  to  take 
the  general  mean  of  all  the  data,  aa  given  above* 


OSMIUM, 

The  atomic  weight  of  this  metal  has  h(?en  determined  by  Berzelius,  by 
Fremy,  and  l)y  Senltert. 

Berzelius^  analyzed  potassium  osmichloride,  igniting  it  in  hydrogen 
like  the  corresponding  platinum  salt.  1.31&5  grammes  lost  .3806  of 
clilorine,  and  the  residue  consisted  of  .401  grm.  of  potassium  chloride, 
with  .535  grin,  of  osmiutn.  Calculating  only  from  the  ratio  between  the 
Oa  and  the  KCh  the  data  give  Os  =  197.523. 

Fremy's  determination  t  is  based  upon  the  composition  of  osmium 
tetroxide.  No  details  a^  to  weighini;s  or  methods  are  given  ;  Inirely  the 
final  result  is  stated.     This,  if  O  ^  10,  is  Oa  =^  199.648. 

When  the  i^eriodic  law  came  into  general  acceptance,  it  became  clearly 
evi<lent  tliat  l>otIi  of  the  foregoing  values  for  osmium  must  be  several 
units  too  high.  A  redetermination  was  therefore  undertaken  l»y  Seubert^t 
who  adopted  methods  based  upon  that  of  Berzelius.  First,  ammonium 
osmichloride  was  reduced  by  heating  in  a  stream  of  hydrogen.  The 
residual  osmium  was  weighed,  and  the  ammonium  chloride  and  hydro- 
chloric acid  given  off  were  collected  in  a  suitable  apparatus,  so  that  the 
total  chlorine  could  be  estimated  as  silver  chloride.  The  weights  were 
as  follows : 


.^tni^OsC/^ 

Os, 

6.4^CL 

1.S403 

790 

3-5897 

^        2.0764 

.9029 

4.0460 

W                     2.1  SOI 

.9344 

4.1950 

3  »545 

9375 

4.1614 

•Poggend.  Atinalrn,  13,5^0.     tSsS, 

t  ConipL  Rend,,  19,  ^^.    Joiiru.  ITlr  Prakt.  Cbcm..  ji,  4J0.    18144. 

I  Bericnte  Dcotsch.  Cbeiu.  Gncll.,  ai,  1^39.    1SS8. 
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Hence  we  have  for  the  percentage  of  osmium  and  fortheosmichloride 
pToportional  to  100  parts  of  AgCl — 

Ftr  cent,  Os,  AgCl :  Salt. 

43-446  51.266 

43.484  51.320 

43.458  51.254 

43.453  51.293 

Mean,  51.283,  ±.0099 

In  alater  paper  *  two  more  reductions  are  given,  in  which  only  osmium 
vas  estimated. 

Salt.  Os,  Percent,  Os. 

2.6687  >.I597  43.456 

2.6937  I. 1706  43.457 

These  determinations,  included  with  the  previous  four  as  one  series, 
give  a  mean  i>ercentage  of  Os  in  Am,OsCl«  of  43.459,  ±:  .0036. 

Secondly,  potassium  osmichloride  was  treated  in  the  same  way,  but 
the  residue  weighed  consisted  of  Os  +  2KC1.  From  this  the  potassium 
chloride  was  dissolved  out,  recovered  by  evaporating  the  solution,  and 
weighed  separately.  The  volatile  portion,  4HC1,  w^as  also  measured  by 
precipitation  as  silver  chloride.     In  Seubert's  first  paper  these  data  are 


KfisCU 

Os. 

2KCL 

4AgCl. 

2.5148 
2.1 138 

.8405 

.7796 
.6547 

2.9837 
2.5076 

Bence,  with  salt  proportional  to  100  parts  of  AgCl  in  the  last  column 
"We  have— 

Percent.  Os.  Per  cent.  KCL  AgCl :  Salt. 

31.000  84.091 

39.762  30.973  84.102 


Mean,  84.097,  rb  .0030 

In  his  second  paper  Seubert  gives  fuller  data  relative  to  the  potassium 
^^ichloride,  but  treats  it  somewhat  differently.  The  salt  was  reduced 
"7  a  stream  of  hydrogen  as  before,  but  after  that  the  boat  containing  the 
^  +  2KC1  was  transferred  to  a  platinum  tube,  in  which,  by  j)rolonged 
"catinjr  in  the  gas,  the  potassium  chloride  wiis  completely  volatilized. 
^ne determinations  of  4C1  as  4 AgCl  were  omittel.  Two  series  of  data 
^'^ given,  as  follows: 

•Ann.  d.  Chem.,  261.  258. 
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K^OsCU.  Os.  Percent.  Os. 

1. 1863  .4691  39.543 

.9279  .3667  39.519 

1.0946  .4330  39.558 

1.6055  .6351  39.558 

.4495  .«778  39.555 

.8646  .3417  39.521 

.7024  .2781  39.593 

1.2742  .5041  39.562 

1.0466  .4141  39- 566 

Mean,  39.553.  =b  .005a 

K^OsCU,  2KCL  PercenLKCl. 

2.2032  .6820  30.955 

2.0394  .6312  30.950 

2.7596  .8544  30.961 

2.4934  .7710  30.922 

2.8606  .8843  30.913 

2.8668  .5768  30.898 

1.2227  .3778  30  899 

Mean,  30.931 

Earlier  .et,/ 3'-^ 
'130.973 

Mean  of  all  nine  determinations,  30.941,  d:  .0079 

The  single  percentage  of  osmium  in  the  earlier  memoir  is  obvioa 
be  rejected. 

The  ratios  to  examine  are  now  as  follows : 

(i.)  Per  cent.  Os  in  Am,OsClg,  43.459,  ±  .0036 
(2.)  6AgCl  :  Ain,OsCI,  :  :  100  :  51.283,  ±  .0099 
(3.)  4AgCl  :  KjOsCl,  :  :  loo  :  84.097,  ±  .0030 
(4.)  Per  cent.  Os  in  K,OsCl,,  39553,  ±  .0052 
(5.)  Per  cent.  KCl  in  K,OsCI,,  30.951,  dr  .0079 

To  reduce  these  ratios  we  have — 

Cl  =  35.179.  ±  .0048  KCl  =  74.025,  ±  .0019 

K  =  38.817,  4:  .0051  AgCl  =  142.287,  ±  .0037 

N  =  13.935,  =fc  .0021 
Hence  there  are  five  independent  values  for  osmium,  as  follomv 

From  (I) Os=  190.111,  db  .OJOO 

From  (2) "  =  190.870,  ±  .0901 

From  (3) "  =  189.928,  ±i  .0371 

From  (4).   **  =  188.914,  dr  .OJ4| 

From  (5) "  =  189.571, db 

General  mean Os  =  189.54 

Tf  0-16,  08  =  190.990. 
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These  figures  serve  to  fix  the  place  of  osmium  below  iridium  in  the 
periodic  classification  of  the  elements,  but  are  not  concordant  enough  to 
be  fully  satisfactory.    More  determinations  are  evidently  needed. 


IRIDIUM. 


The  only  early  determination  of  the  atomic  weight  of  iridium  was 
made  by  Berzelius,*  who  analyzed  potassium  iridichloride  by  the  same 
method  employed  with  the  platinum  and  the  osmium  salts.  The  result 
found  from  a  single  analysis  was  not  far  from  Ir  =  196.7.  This  is  now 
known  to  be  too  high.  I  have  not,  therefore,  thought  it  worth  while  to 
recalculate  Berzelius'  figures,  but  give  his  estimation  as  it  is  stated  in 
Roscoe  and  Schorlemmer's  "  Treatise  on  Chemistry." 

In  1878  the  matter  was  taken  up  by  Seubert,t  who  had  at  his  disposal 
150  grammes  of  pure  iridium.  From  this  he  prepared  the  iridichlorides 
of  ammonium  and  potassium  (NHJ,IrCl,  and  K,IrClj,  which  salts  were 
made  the  basis  of  his  determinations.  The  potassium  salt  was  dried  by 
gentle  heating  in  a  stream  of  dry  chlorine. 

Upon  ignition  of  the  ammonium  salt  in  hydrogen,  metallic  iridium 
was  left  behind  in  white  coherent  laminse.  The  results  obtained  were  as 
follows : 

Am^IrCl^.  Ir.  Percent.  Ir, 

>  3164  .5755  43725 

«.7«22  .7490  43.745 

'.2657  .5536  43-739 

1.3676  .5980  43.726 

2.6496  1. 1586  43.739 

2.8576  1.2489  43.705 

2.9088  1.2724  43.742 

Mean,  43732,  rb  .0035 

The  potassium  salt  was  also  analyzed  by  decomposition  in  hydrogen 
with  special  precautions.  In  the  residue  the  iridium  and  the  potassium 
chloride  were  sej)arated  after  the  usual  method,  and  both  were  estimated. 
Eight  analyses  gave  the  following  weights : 


KJrCU, 

a„  Loss, 

Ir, 

KCl, 

1. 6316 

.4779 

.6507 

.5030 

2.2544 

.6600 

.8993 

.6953 

2.1290 

.6238 

.8488 

.6560 

1.8632 

.5457 

.7430 

.5745 

2.6898 

.7878 

1.0726 

.8291 

2.3719 

.6952 

.9459 

.7308 

2.6092 

.7641 

1.0406 

.8040 

2.5249 

•7395 

1.0070 

.7775 

•  PoRgend.  Anualen.  13,  435.    1828. 

t  Bcr.  Deutsch.  Chem.  Gesell.,  11,  1767.     187a. 
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Hence  we  have  the  following  percentages,  reckoned  on  the  original 

salt: 

/r.  2KCL  a^, 

39.881  30.829  29.290 
39.890  30.842  29.277 
39-868            30.813  29.300 

39.876  30.835  29.289 

39.877  30.825  29.287 
39.879  30.811  29.310 

39.882  30.814  29.285 

39.883  30.792  29.288 

Mean,  39.880,  ±  .0015    Mean,  30.820,  rb  .0037      Mean,  29.291,  ±  .0024 

Joly*  studied  derivatives  of  iridium  trichloride.    The  salts  were  dried 

at  120°,  and  reduced  in*  hydrogen.    With  IrCl,.3KC1.3H,0  he  found  as 

follows : 

Salt.  Ir.  KCL 

1.5950  .5881  .6803 

1.6386  .6037  .7000 

2.6276  .9689  1.1231 

These  data,  if  the  weight  of  the  salt  itself  is  considered,  give  discordant 
results,  but  the  ratio  Ir :  3KC1 :  :  100 :  x  is  satisfactory.    The  values  of  x 

are  as  follows : 

115.677 
115.952 
115.915 


Mean,  115.848,  ±.  .0583 

The  ammonium  salt,  IrCl,.3NH^Cl,  gave  the  subjoined  data : 

WU  of  Salt,  WL  of  Ir.  Per  cent.  Ir. 

1.5772  .6627  42.017 

1.6056  .6742  41.990 

Mean,  42,003,  ±:  .0094 

To  sum  up,  the  ratios  available  for  iridium  are  these : 

(i.)  Per  cent.  Ir  in  Am,TrClj,  43.732,  ±:  .0035 
(2.)  Per  cent.  Ir  in  K,TrClj,  39.880,  =b  .0015 
(3.)  Per  cent  KCl  in  KalrCl,,  30.820,  ±:  .0037 
(4.)  Per  cent.  Cl^  in  K,IrClj,  29.291,  rb  .0024 
(5.)  Per  cent.  Ir  in  AnijIrClg,  42.003,  rh  .0094 
(6.)  Ir  :  3KCI  ;  :  100  :  1 15.848,  =fc  .0583 

The  data  for  computation  are — 

O  =  15.879,  =b  .0003 
Cl  =  35.»79,  ±-0048 
K  —  38.817,  di  .0051 


N 

= 

13.935, 

rfc 

.0021 

KCl 

^=: 

74.025, 

=b 

.0019 

II 

:=: 

I 

*Compt.  Rend.,  no,  1131.     1890. 
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And  the  six  independent  values  for  the  atomic  weight  of  iridium  be* 
come — 

From  (i) Ir  =  191.935,  rb  .0300 

From  (2) '*  =  191. 511,  ±  .0221 

From  (3) "  =  191.604,  ±  .0485 

From  (4) "  ==  191. 641,  ±  .0622 

From  (5) : . . .  "  ==  191.833.  db  .0641 

From  (6) ♦*  =  191.695,  ±.0966 

General  mean Ir  =  191.664,  ±  .0154 

If  0=  16,  Ir=:  193.125. 


PLATINUM. 


The  earliest  work  upon  the  atomic  weight  of  this  metal  was  done  by 
Berzelius,*  who  reduced  platinous  chloride  and  found  it  to  contain  73.3 
per  cent,  of  platinum.  Hence  Pt  =  193.155.  In  a  later  investigation  f 
he  studied  potassium  chloroplatinate,  KjPtCl,.  6.981  parts  of  this  salt, 
ignited  in  hydrogen,  lost  2.024  of  chlorine.  The  residue  consisted  of 
2.822  platinum  and  2.135  potassium  chloride.  From  these  data  we  may 
calculate  the  atomic  weight  of  platinum  in  four  ways: 

1.  From  loss  of  CI  upon  ignition Pt  =  196.637 

2.  From  weight  of  Pt  in  residue "  =  195.897 

3.  From  weight  of  KCl  in  residue **  ;=  195.384 

4.  From  ratio  between  KCl  and  Pt *'  =  195.690 

The  last  of  these  values  is  undoubtedly  the  best,  for  it  is  not  affected 
by  errors  due  to  the  possible  presence  of  moisture  in  the  salt  analyzed. 

The  work  done  by  Andrews  J  is  even  less  satisfactory  than  the  foregoing, 
partly  for  the  reason  that  its  full  details  seem  never  to  have  been  pub- 
lished. Andrews  dried  potassium  chloroplatinate  at  105°,  and  then 
decomposed  it  by  means  of  zinc  and  water.  The  excess  of  zinc  having 
been  dissolved  by  treatment  with  acetic  and  nitric  acids,  the  platinum 
was  collected  upon  a  filter  and  weighed,  while  the  chlorine  in  the  filtrate 
was  estimated  by  Pelouze's  method.  Three  determinations  gave  as  fol- 
lows for  the  atomic  weight  of  platinum  : 

197.86 
197.68 
198.12 

Mean,  197.887 

Unfortunately,  Andrews  docs  not  state  how  his  calculations  were  made. 

•PogRcnd.  Annaleu,  8,  177.  1826. 
tPoggend.  Annalen,  13,  468.  1828. 
J  British  Assoc.  Report,  1852.    Chem.  Gazette,  10, 
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In  1881  Seubert*  published  his  determinations,  basing  ihfli 
very  pure  chloroplatinates  of  potassium  and  ammonium.  The 
nium  salt,  (NH ^jPtCl,,  was  analyzed  by  heating  in  a  stream  of  hj 
expelling  that  gas  by  a  current  of  carbon  dioxide,  and  weig^ 
residual  metal.  In  three  experiments  the  hydrochloric  acid 
during  such  a  reduction  was  collected  in  an  absorption  apparal 
estimated  by  precipitation  as  silver  chloride.  Three  series  of 
ments  are  giv^en,  representing  three  distinct  preparations,  as  foll< 

Series  J. 
Am^PtCU.  Ft.  Percent.  Pt. 

2.1266  .9348  43.957 

1.7880  .7858  43.948 

1.8057  .7938  43960 

2.6876  1. 181 1  43946 

4  7674  2.0959  43963 

2.0325  .8935  43.961 


Mean,  43  956,  ±  .0 

Series  JL 

Am^PtCU. 

Pt. 

Percent,  Pt, 

3.0460 

1.3363 

43.871 

2.6584 

1.1663 

43.876 

2.3334 

1.0238 

43.872 

1.9031 

.8351 

43.881 

3.1476 

1.3810 

43.875 

2.7054 

1.1871 

43.889 

Mean,  43- 876,  ±.  .0 

Another  portion  of  this  preparation,  recrystallized  from  water,  c 
grm.  gave  0.6311  of  platinum,  or  43.955  per  cent. 


Series  IIL 

Am^PtCl^. 

Pt, 

Per  cent.  Pt. 

2.5274 

1.1118 

43.990 

3.2758 

1.4409 

43.986 

1.9279 

.8483 

44.001 

2.0182 

.8884 

44.020 

1.8873 

.8303 

43.994 

2.2270 

.9798 

43.996 

2.4852 

1.0936 

44.aH     . 

2.5362 

I. 1166 

3.0822 

1.3561 

1 

*  Ber.  Deutscb.  Chem.  GeselL,  t^ 
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If  these  series  are  treated  as  independent  and  combined,  giving  each 
a  weight  as  indicated  by  its  probable  error,  and  regarding  the  single  ex- 
periment with  preparation  II  as  equal  to  one  in  the  first  series,  we  get 
a  mean  percentage  of  43.907,  ±  .0009.  On  the  other  hand,  if  we  regard 
the  twenty-two  experiments  as  all  of  equal  weight  in  one  series,  the  mean 
percentage  of  platinum  becomes  43.953,  ±  .0078.  Upon  comparing  the 
work  with  that  done  later  by  Halberstadt,  the  latter  mean  seems  the  fairer 
one  to  adopt. 

For  the  chlorine  estimations  in  the  ammonium  salt,  Seubert  gives  the 
subjoined  data.  I  add  in  the  last  column  the  weight  of  salt  proportional 
to  100  parts  of  silver  chloride. 


Am^PtCU. 

Pt, 

6AgCL 

Ratio, 

2.7054 

1.1871 

5.2226 

51.802 

2.2748 

.9958 

4.3758 

51.986 

3.0822 

1.3561 

5.9496 

Mean, 

51.805 
,  51.864,  ifc  .041 

The  potassium  salt,  K^PtClg,  was  also  analyzed  by  ignition  in  hydro- 
gen, treatment  with  water,  and  weighing  both  the  platinum  and  the 
potassium  chloride.    The  weights  given  are  as  follows : 


c,Ptcu. 

Pt. 

2KCL 

S.0283 

2.0173 

1.5440 

7.0922 

2.8454 

2.1793 

3-5475 

1.4217 

1.0890 

3.2296 

1. 2941 

.9904 

35834 

1.4372 

I.IOOI 

4.4232 

1.7746 

1.3547 

4.0993 

1.6444 

1.2589 

4.4139 

i.77'3 

i.3516 

Hence  we  have  these  percentages,  reckoned  on  the  original  salt : 
Ft.  KCL 


40.119 

30.706 

40.120 

30.728 

40.076 

30.698 

40.070 

30.666 

40.107 

30.700 

40. 1 20 

30.627 

40.114 

30.710 

40.130 

.005 

Mean, 

30.621 

Mean,  40.107,  db 

,  30.682,  d=  .009 

As  with  the  ammonium  salt,  three  experiments  were  made  upon  the 
potassium  compound  to  determine  the  amount  of  chlorine  (four  atoms 
in  this  case)  lost  upon  ignition  in  hydrogen.  In  the  fourth  column  I 
add  the  amount  of  K^PtCl,  corresponding  to  100  parts  of  AgCl : 
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K\PtCU. 

6.7771 
3.5834 
4^4139 


27158 
1.437a 
i.77«3 


7.971s 
4.2270 

5*2144 


Ratio. 

85,006 

84-774 
84.648 


Mean,  84.809,  db  .071 


Hftlberstadt  *  like  Seubert,  studied  the  chloropl at i nates  of  potassiiiru 
and  ammonium^  and  also  the  corresponding  double  bromides  and  platinic 
bromide  at?  welL  The  metxil  was  estimated  partly  by  reduction  in  hy- 
drogen, as  usual,  and  partly  by  electrolysis.  Platinic  broioide  gave  the 
following  results : 


L  By  Redtidion  in  S. 


PiBr^, 

/¥. 

J^  ceni. 

.6396 

.24*2 

37.8^7 

1.7596 

.6659 

37.844 

.9178 

.3476 

37.873 

1.1594 

.4388 

37.847 

1.9608 

.74ao 

37.842 

2.086s 

.7898 

37.853 

4.0796 

t.5422 

37.852 

6.8673 

2^5985 
IL  By  Eledrolym. 

37.8.^9 

1.2588 

.4763 

37.837 

^4937 

.5649 

37.819 

Ft. 


Mean  of  aJl  ten  experiment,  37.847,  dr  t0033 

The  ammonium  platiabromide,  (NIIJjPtBr^,  was  prepared  in  two 
wa3^8,  and  five  distinct  lots  were  studied.  With  this  salt,  as  well  as  with 
those  which  follow,  the  data  are  given  in  distinct  series,  with  from  one 
to  several  experiments  in  each  grou|>,  but  for  present  purposes  it  seems 
best  to  consolidate  the  material  and  so  put  it  in  more  manageable  form. 
The  percentages  of  platinum  and  weights  found  are  as  follows  : 


/. 

By 

Reductwn  in 

H. 

m^PfBr^. 

Pi, 

Percent  Ft. 

'   .6272 

.t7'9 

27.408 

1.0438 

.2865 

27447 

1.1724 

.3215 

27.422 

1.4S62 

.4076 

27.426 

i.oSii 

,2966 

27.435 

^<.33S3 

.3672 

27-437 

*  Ber.  Deulfich.  Chem.  OeaeU.,  t?.  19^.    1884* 
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im^PiBr^, 

IH. 

Percent,  Pt, 

'1.0096 

.2769 

27.426 

^   I. 1935 

.3269 

27.390 

1.3182 

.3611 

27.393 

,2.2476 

.6159 

27.402 

'  1.3358 

.3668 

27.451 

1.7859 

.4899 

27.431 

4.1641 

1.1427 

27.441 

M835 

.3250 

27.460 

2.4003 

.6591 

27.459 

.2.5293 

.6940 

27.438 

'  1. 7147 

.4705 

27.439 

2.3014 

.6316 

27.444 

3.0052 

.8245 

27.435 

.4.8592 

1.3329 

27.430 

'1.5337 

.4210 

27.449 

■  2.0373 

.5594 

27.457 

.2.0939 

.5751 
//.  By  Electrolyds, 

27.465 

0.5586 

.4272 

27.409 

j  1.6052 

.4397 

27.392 

(.3. '229 

.8569 

27.439 

1.1612 

.3180 

27.386 

r  2.5817 

.7081 

27.427 

\  1.0231 

.2809 

27.456 

C  1.6744 

.459' 

27.418 

1.6744 

.4591 

27.418 

1.6052 

.4397 

27.392 

331 


Mean  of  all  thirty-two  experiments,  27.429,  dsz  .0027 


With  potassium  platinbromide  Halberstadt  found  as  follows : 


K^PtBr^. 


L  By  Reduction  in  H. 


Ft, 


2KBr, 


Per  cenL  Pt,        Per  cent,  KBr, 


'2.5549 
2.6323 

.6630 

.8071 

25.940 

31.590 

.6831 

.8318 

25-947 

31.599 

-  2.9315 

.7598 

.9259 

25.910 

31.584 

3.4463 

.8939 

1.0895 

25.938 

31.613 

,4.0081 

1.0404 

1.2653 

25.957 

31.568 

3.9554 

1.0266 

1.2495 

25.954 

31.589 

( 2.0794 

.5388 

.6558 

25.911 

31.538 

]  2.1735 

.5635 

.6849 

25.926 

31.511 

(2.3099 

.5986 

.7297 

25.914 

31.590 

r  1.4085 

■3645 

.4446 

25.880 

31.565 

-  2.6166 

.6772 

■8279 

25.881 

31.640 

.2.6729 

.6923 

.8469 

25.900 

31.684 

832  THE   ATOMIC   WEIGHTS. 

//.  By  Electrolysis. 
K^PtBr^.  Pt. 


2.21 lO 

.5726 

3.1642 

.8188 

1.9080 

.4947 

.  '.6754 

.4341 

[  I.3I48 

.3403 

I  1.5543 

.4025 

iKBr. 

Percent,  Pt, 

Percent,  KB 

.6997 

25.898 

31.647 

•9983 

25.877 

3".55o 

.6025 

25.927 

31.577 

.5286 

25.915 

31.550 

.4160 

25.882 

31.640 

49" 

25.895 

3«.596 

Mean  of  eighteen  experiments,  25.915,  ±.0040    31.591, 
For  ammonium  platinchloride  Halberstadt  gives  the  following  < 
/.  By  Redtiction  in  H, 


Am^PtCU. 

Pt, 

Percent.  Pt. 

'  1.0604 

.4662 

43.964 

1.3846 

.6087 

43.962 

1.5065 

.6617 

43923 

1 2.3266 

1.0227 

43.956 

1  1.3808 
1  1.7396 

.6059 

43.880 

.7638 

43.906 

r  2.7420 

1.2068 

44.011 

\  3.1882 

1.4019 

43.971 

(5.4644 

2.4035 

43.984 

3.4859 

1.5321 

43.951 

//.  By  Electrolysis, 

(  .9474 

.4161 

43.920 

<  I. 1069 

.4865 

43.95' 

(1.5101 

.6634 

43.930 

i   .5345 

.2347 

43  9«o 

\  1.6035 

.7044 

43.928 

C1.9271 

.8459 

43.894 

(  1. 1046 
\  1.4179 

.4858 

43.979 

.6233 

43.959 

Mean  of  eighteen  experimenU,  43.943t  ±  .0054 

Seubert  found,  43-953.  :*=  .0078 

General  mean,  43.946,  db  .0044 


)r  potassium  platinchloride  Halberstadt's  data  are — 

I, 

By  Reduction 

in  H. 

K^PtCU, 

Pt, 

2KCI, 

Percent,  Pt. 

PtrcenLKi 

1.6407 
\«.9352 

[  >.5793 
1  1.6446 

.6574 
.7757 
.6334 
.6595 

.5029 
.5921 
.4836 
.5049 

40.069 
40.084 
40.106 
40.101 

30.651 
30.600 
30.ftt  ^ 

3o.r 

(  1.0225 
2.4046 

.4102 
.9641 

.3«33 
.7388 

40.117 
40.094 

3CM 

5.8344 
.7.1732 

2.3412 
2.8776 

1.7905 
2.1998 

40.127 
40.116 
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//.  By  Electrolym, 


Pi. 


2KCL 


1*937^ 
2.3972 

U.7249 


Per  cenL  Pi. 

40.092 
40.065 
40,126 
40.103 
40.104 
40.081 
40.117 
40. 1 12 
40.065 
40.080 
40.108 


I^r  cent.  KCl. 
3069s 

30.667 
30,668 
30^730 
30,545 
30.652 

30.75s 
30.629 
30.589 
30.681 
30.691 


Mean  of  nineteen  experitnent^  40.09S,  rh  .0031 
Seubert  found^  40,107,  ±  .0050 


30.663,  dr. 0080. J 
30.682,^1,0090 


General  mean,  40.101,  ii  .0026     30.671,  ±  .0060 

The  work  of  Dittrjuirand  M'Artlnir*  on  the  atomic  weight  of  platinum 
is  difti{3iilt  to  diacuss  and  essentially  unsatisfactory.  They  investigated 
IM>tassium  idatiiu-bloride,  and  eanie  to  the  concUmioit  that  it  contiiins 
tracer  of  hydroxyl  replaciiig  chlorine  and  also  hydrogen  reidacing 
potassium.  It  is  also  liable,  they  think,  to  carry  small  quantities  of 
potas8iuin  chloride.  In  their  determioatiooa,  which  involve  corrections 
indicated  by  the  foregoing  considerations,  tliey  are  not  sufficiently  ex- 
plicit, and  give  none  of  their  actual  weighings.  They  attempt^  however, 
to  ^yi  the  ratio  2KC1  :  Pt,  and  ufter  a  number  of  discordant,  generally 
hi|?h  resulLs,  they  give  the  fuUowing  data  fur  the  atomic  weight  of  plati- 
num baseil  upon  the  assumption  that  2KC1  =  149.182: 

195.54 
19548 
195.60  • 

195.37 


Mean,  195.50,  rfc  .0330, 

Dittmar  anil  JfArthur  also  discuss  Seubert'a  determinations,  seeking] 
to  show  that  the  latter  also,  i>roperly  treated,  lead  to  a  %'aliic  nearer  to 
195,0  than  to  lOo.  Seubert  at  once  replied  to  them.f  ]iointing  out  that 
the  concordance  between  his  deterniinations  by  very  diilerent  nietboda 
(a  conconlance  verified  by  Hall>erstadt's  investigation)  precluded  the 
existence  of  errors  due  to  impurities  such  as  Dittmar  and  MWrthur 
iLSSUined. 


•Trims,  Roy.  Soc,  Edinburgh,  33,  561.    1887. 
f  Ber.  Deuttch.  Chem.  GeseU.,  11,  2179.    iSSS. 
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The  ratios  from  which  to  compute  the  atomic  weight  of  plating 
now  as  follows,  rejecting  the  work  of  Berzelius  and  of  Andrews : 

(i.)  Percentage  of  Pt  in  ammonium  platinchloride,  43.946,  db  -0044 
(2.)  Percentage  of  Pt  in  ammonium  platinbromide,  27.429,  db  .0027 
(3.)  Percentage  of  Pt  in  potassium  platin chloride,  40.101,  db  .0026 
(4.)  Percentage  of  Pt  in  potassium  platinbromide,  25.915,  d=  .0040 
(5.)  Percentage  of  Pt  in  platinic  bromide,  37.847,  d:  .0033 
(6.)  Percentage  of  KCl  in  potassium  platinchloride,  30.671,  d=  .0060 
(7.)  Percentage  of  KBr  in  potassium  platinbromide,  31.591,  dr  .0068 
(8.)  6AgCl  :  Am^PtClj  :  :  100 :  51.864,  db  .041 
(9.)  4AgCl  :  KjPtClj  :  :  100  :  84.809,  db  .071 
(10.)  2KCI  :  Pt  :  :  149. 182  :  I95-50,  ±  .033 

Computing  with  the  subjoined  atomic  and  molecular  weights — 

Cl  =35.179,  ±,  .0048  KCl   =   74.025,  db  .0019 

Br  =  79.344,  ±  .0062  KBr  =  1 18.200,  rfc  .0073 

K  =  38.817,  rfc  .0051  AgCl  =  142.287,  db  .0037 
N  =  13935,  ±  0021 

we  have  the  following  ten  values  for  platinum  : 

From  (I) Pt  =  193.603,  zfc  .0336 

From  (2) *'  =  193.493,  ±:  .0248 

From  (3) **  =  193.283,  db  .0254 

From  (4) "  =  193.684,  zh  .0344 

From  (5) "  =  193.261,  rb  0248 

From  (6) ««  =  I93  938,  ±  .0746 

From  (7) "  =  "94.538,  ±:.I276 

From  (8) **  =  195.836,  ±  .3515 

From  (9) **  =  <93.9to,  :fc  .4054 

From  (10) •'  =  194.017,  =fc  .0331 

General  mean Pi  =  193.443,  dr  .01 14 

If  0  =  16,  Pt  =  194.917. 

Of  these  ten  values  the  first  five  are  obviously  the  most  trustwc 
Their  general  mean  is  Pt  =  193.414,  db  .0124 ;  or,'if  0  =  16,  Pt  =  19 
This  result  is  preferable  to  the  mean  of  all,  even  though  the  latter' 
little  from  it.  The  five  high  values  carry  very  little  weight  becao 
their  larger  probable  errors. 


CERIUM. 

Although  cerium  was  discovered  almost  at  the  beginning  of  the  present 
century,  its  atomic  weight  wa8  not  properly  determined  until  after  the 
discovery  of  lanthanum  and  didymiuni  by  Mosander.  In  1842  the  in* 
veetigation  was  undertaken  by  Beringer  *  who  employed  several  methods. 
His  cerium  salts,  however,  were  all  rose-colored,  and  therefore  were  not 
wholly  free  frorn  didymium  ;  and  his  resulta  are  further  affected  by  a 
negligence  on  his  part  to  fully  describe  his  analytical  processes. 

First,  a  neutral  solution  of  cerium  chloride  was  prepared  by  dissolving 
the  carbonate  in  hydrochloric  acid .  This  gave  weights  of  eerie  oxide  and 
silver  chloride  as  follows.  The  third  column  shows  the  amount  of  CeO, 
proportional  to  HX)  parts  of  AgCl : 

GfO,.  AgCL  Ratia. 

*5755B^">.  i,4i9ei"m.  40-557 

^6715     **  1,6595   "  40.464 

M300     **  2,7^6     **  40,560 

.53^     "  t.33>6  '*  40-297 

Mean,  40.469,  ±  ,0415 

The  analysis  of  the  dry  cerium  sulphate  gave  results  as  follows.  In 
a  fourth  coluuin  I  show  the  amount  of  CeO,  proportional  to  100  iiarts  of 
BaS(\: 


Sulphate. 

CtO^. 

BaSO, 

Ratia. 

1.379  gnn. 

M^S  grm. 

r.7n  gnu. 

49.649 

1.276     ** 

J87S     '' 

1.580     " 

49.836 

1,246     "• 

.7^-90     " 

(.543     ** 

49.838 

*.5S3     •• 

.9595     •' 

1,921     ** 

49.948 

Mean,  49.819,  :b  .042 

Beringer  also  gives  a  single  analysis  of  the  formate  and  the  results  of 
one  conversion  of  the  sulphide  into  oxide.  The  figures  are,  however, 
not  valuable  enough  to  cite. 

The  foregoing  data  involve  one  variation  from  Beringer's  paper. 
Where  I  put  CeO^  as  found  lie  puts  Ce,0_,,  The  latter  is  plainly  inad- 
missible, although  the  atomic  weights  cnlculated  from  it  agree  curiously 
well  with  some  other  determinations.  Obviously^  the  presence  of  didym- 
iura  in  the  salts  analyzed  tends  to  raise  the  apparent  atomic  weight  of 
cerium. 

Shortly  after  Beringer,  Hermann  f  published  the  results  of  one  experi- 
ment, 23.532  grm.  of  anhydrous  cerium  sulphate  gave  29.160  grm.  of 
BaSO^.     Hence  100  parts  of  the  sulphate  correspond  to  123.926  of  BaSO^. 

'Anc.Chem.  Pharni.,43,  134.    1S42. 
t  Journ.  far  Prakt,  Cbem.,  30,  tSy     iS^j. 
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In  1848  eirailar  figures  were  published  by  MarignaCy*  who  found  the 
following  amounts  of  BaSO^  proportional  to  ICKD  of  dry  cerium  sulphate ; 

tsi.oo 
122.51 

Mean^  122.40,  rh.«38 

If  we  give  Herinann^s  sint^^Ie  result  the  weij^ht  of  one  experiment  in 
this  series^  and  conibino,  we  gut  a  mean  value  of  122.8o<^»  ±  .130. 

Still  another  method  was  employed  by  Marignac.  A  definite  mixture 
was  made  of  solutions  of  cerium  sulphate  and  barium  chloride.  To  thisJ 
were  added,  volumetrically,  solutions  of  each  salt  successively,  until' 
equilibrium  was  attained.  The  figures  puldished  give  maxima  and 
minima  f<u'  the  BaCl^  proportional  t^^  each  lot  of  Ce/SO^X.  In  another 
column,  u.iing  the  mean  vakie  for  BaCl,  in  each  case,  I  put  the  ratio 
between  ILKJ  parts  of  thi4  salt  and  the  equivalent  quantity  of  sulphate. 
The  hitter  compound  was  several  times  recrystallized  : 

r<r.A^<^t)r  BaCi^.  Patio. 

First  crystallization. 1  i.on  ^rm.  1 1.990  —  12.050  grm*  91.606 

First  crjrsiaUiaalion. 13.  r94  "  14.365  —  14.425  **  91-657 

Second  crystal liMli on „. .  15,961  "  15.225  —  15,285  •*  9l.S>8 

Seconal  crystal liz.ition... .  12,627  **  I3.761  —  13.82I  •*  9t.S5^ 

Secotitl  crystalliMtion (r.9I5  "  12.970 — ^13.030  *'  91.654 

Third  crystal! ixat ion 14.888  **  16.223—16,283  *'  91.602 

Third  crystallization..  .. .  14.U3  '*  15,385—15,423  **  91-755 

Fourth  cry staUizati on 13.IU  '*  14.270—14.550  *'  91.685 

Fourth  crystallization...,  13*970  '*  15.223  —  15,285  '*  91^588 

Mean^  91,625,  ±  .old 

Omittiner  tbe  valueless  experiments  of  Kjerulf,t  we  come  next  to  tli^ 
figures  imbhaherl  by  Bunsen  and  Jt?gel  J  in  1858.  From  the  air-dried 
sulpbate  of  cerium  the  niet;il  was  iH'ecipitated  as  oxalate,  which,  ignited^ 
gave  CeOj.  In  the  filtrate  from  the  oxalate  the  sulphuric  acid  was  esti- 
mated as  BaSO^ : 

1.5726  grm,  sulphate  gave  .7899  gnu.  CcO,  and  1. 6185  grm«  BaSO^. 
1,6967  **  ,8504  *«  1.7500 

Hence,  for  KX)  parts  BaSO^,  the  CeO^  is  as  follows : 

48.804 
4^-575 


Mean,  48.689,  i;  .077 


•  Arch.  Sci,  Phys.  ct  Nat.  (1 ».  B,  ?73.    tSiS. 

t  Ann.  Chcra.  Tharm.,  87,  ta, 

;  Ann.  Chetn.  Pharm.,  105,  45.     ii^$ft» 
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One  eiperiment  was  also  made  upon  the  oxalate : 

.3^30  grm,  oxalate  gave  -I913  CcO,  and  0506  H,0, 

HcDce,  in  tho  dry  salt,  we  have  63/261  per  cent,  of  CeO,. 

In  |»lf  of  CeO,  the  cxcei^s  of  i>x y^cn  over  Cefi.,  was  estinmted 

»r  ail ,    trie  tiirnlinn  :  frtit  tlir  ilat^i  tlius  ohtaiix^d  need  not  be  fur- 

fcet  con^iiittred. 

r^  hy  luijiuntil^bcrg ''  diitu  M\  j^avcn  ibr  tbe  atuniic  weight 
flhnvs.     In  the  earlier  paper  cerium  tiulphate  was  analyzed, 
^uerititn  hcnig  thrown  clown  hy  (^auatic  potauih,  and  the  acid  preeipi- 
im  the  filtrate  ai«  barium  sulphate: 

^13  grm.  Ce,fSOjg  gave  .244  grm.  CcO.,  and  .513  grm.  BaSOj. 

UlO  BaSO^  =  47.06^^  CeOj,  a  valut:  whieh  may  be  comliined  with 
,thu^;  this  fifrvirc  being  assignetl  a  weight  ecpial  to  one  experl- 
it  in  Bonaen'B  series : 


Beringer 

Rjjnfneliberg 

Gmeral  mean 


49*8i9i  ±  042 
48.689,  ±  .077 
47' 563 »  db.108 


49.3^.  :t  03s 


:  II  fhotild  he  noted  here  that  this  mean  is  somew^hat  arbitrary,  since 
<id  Hum meUbrrg  8  ct*rium  Balte*  wore  undoubtedly  freer  from 
I  than  th»'  material  studied  liy  Berin^er. 
in  his  later  paper  Rammelsberg  gives  the^e  figures  eoncerning  cerium 
ttkte.  One  hundred  parts  gave  10,43  of  carbon  and  21,73  of  water. 
Sffoce  tlie  dry  K;ilt  Bitould  yield  48.802  per  cent,  of  CO,,  whence  Ce  = 
87d4. 

In  dl  *»f  thi*  fore;^ning  experiments  the  eerie  oxide  was  somewhat  col- 
li* tlie  tint  mn^ing  from  one  ^hade  to  another  of  light  brown  acconling 
Uhc  amount  of  di<lymiuni  present    81111,  at  the  best,  a  color  remained, 
^bich  wa»  supposed  to  be  eharacteristie  of  the  oxide  itself.     In  bStiS, 
Mmcrcr,  some  experiments  of  Dr.  ('.  Wolff  were  posthumously  miide 
,  which  went  t«>  «hnw  that  pure  eeniso-ceric  oxide  i^  white,  and 
ill  8ara[4e8  previously  studied  were  contaminated  with  ^ome  other 
li,  not  necessarily  didymium  but  possibly  a  new  substance,  the  re- 
'     h  tended  to  lower  tho  apparent  atomic  weight  of  cerium 
•iy. 
^ri«m  sul])hate  was  recrystalHzed  at  leaat  ten  times.     Even  after 
Ittin*   -         •  ^'  :atirm8  it&till  showed  s|>ectru8copic  traces  of  didymium, 
1*^"  Htd  in  each  sample  of  the  salt  was  cautiously  estimated, 

l**''^  u  wai«  t>»rown  down  hy  boiling  concentrated  solutions  of 
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oxalic  acid.     The  resulting  oxalate  was  ignited  with  great  care.     I  de- 

diiL'L*  from  the  weighings  the  percentage  of  CeO,  given  by  the  anhf^drous 
i^uljihate: 

•  Wai^r,  CeO,. 

.19419  grm.  .76305  grm. 

.189S      •*  ,7377      " 

.1820      **  .70665    " 


Sulphate, 
1,4543  grm. 
1.4*04    " 
1. 35027  '* 


Percent,  CeO^ 
60.559 
60.437 

60.4S7 


Mean,  60.494 


After  the  foregoinj^  experiments?  the  sulf>hate  wa.*^  furtlier  purified  Uy 
solution  in  nitric  acid  and  pouring  into  a  large  quantity  of  boiling  water. 
The  precipitate  was  converted  into  sulphate  and  analyzed  as  before: 


Sulphate. 

1.4327  grm. 
1-5056    '* 
J. 44045  " 


H'ater. 

^2733  grni. 

.2775    ** 
.2710    '• 


CeO,. 

.69925  gim. 
^7405      •• 
.7052      " 

Ftrcent.  CeO^. 
60.511 
60.296 

60.J00 

Mean,  60.302 

FrDm  another  pari  Beat  ion  the  following  weights  were  obtained: 
1.4684  grm.  j8So  grm.  ^77*7  g^m.  60  270  per  cent. 

A  lat^t  |)urification  gave  a  8till  lower  percentage: 

'•375^  il^^^-  .1832  grm,  ,7186  grm.  60.265  per  cent. 

The  last  oxide  was  perfectly  white,  and  was  spectrostcopically  fret*  fri>m 
didynnum.  In  eacli  case  the  CeO^  wns  titrated  iodometricall^'  for  ito 
excess  of  oxygen.  It  will  be  noticed  that  in  the  successive  series  of  de- 
terminations the  percentage  of  Cvi\  steadily  and  strikingly  diminisl)ps 
tt)  an  extent  for  which  no  ordinary  impurity  of  didymiuni  can  account. 
The  deatli  of  Dr.  Wolf  interrujtted  the  investigation,  the  results  of  which 
were  edited  and  published  by  Professor  F.  A.  Cienth, 

In  the  light  o(  more  recent  evidence,  little  weight  can  be  given  to  these 
observations.  All  the  experiment'^,  taken  equally,  give  a  me^n  percent- 
age of  C^O,  from  (N\(80,),  of  (30.366.  ±  Mm.  This  mean  has  obviously 
little  or  no  real  significance. 

The  experiments  of  Wolf  attracted  little  attentiim.  except  from  Wing,'^ 
who  partially  verified  certain  aspects  of  them.  This  chtimist^  ir.ciilenUJIy 
to  other  researches,  purified  some  cerium  sulphate  after  the  method  of 
Wolf,  and  made  two  similar  analyses  of  it,  as  Aillows  : 


Sulphate. 
1.2885  grm, 

1.4090   •* 


Water, 

.1707  grm, 
.1857     ** 


CeO^. 

,6732  grm, 
.7372     " 


6o«225 
60.265 

Mean,  60  344 


•  Am.  Joiirn,  Set.  (a),  49,  35ft.    tSTo* 
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The  cerifi  oxide  in  this  case  was  perfectly  white.  The  cerium  oxalate 
which  yielded  it  wan  precipitated  boiling  by  a  boiling  concentrated  solu- 
tion of  oxalic  ucid*  The  precipitate  stood  twenty-four  hours  before 
filtering. 

In  1875  Buehrig's'*^  paper  upon  the  atomic  weight  of  cerium  was  issued. 
He  first  studied  the  sul[>hate,  which,  after  eight  crystiillizations,  still 
retained  traces  of  free  sulphuric  acid.  He  found,  furthermore,  that  the 
salt  obstinately  retainetl  traces  of  water,  which  could  nut  be  wholly  ex- 
pelled by  heat  without  i)artial  decompositiun  of  the  material.  These 
floorces  of  error  probably  affect  all  the  previously  cited  series  of  experi- 
meiit^s,  althoui^h,  in  the  case  of  Wolf's  work,  it  is  diuditful  whether  they 
c-ndd  have  inHuenced  the  atomic  weight  oi  cerium  by  more  than  one  or 
two  tenths  of  a  unit.  Buehrig  also  found,  as  Marignac  had  earlier  shown, 
that  upon  lirecijiitation  of  cerium  sulphate  with  barium  chloride  the 
barium  suljihutu  invariably  carried  down  traces  uf  cerium.  Furthermore^ 
the  eerie  oxide  from  the  filtrate  always  contained  barium.  Fur  these 
rea^suus  the  sulphate  was  abandoned,  and  the  atomic  weight  determina- 
tions of  But'hrig  were  made  with  air-dried  oxalate,  lliis  salt  was  jdaced 
in  a  series  of  ]|!atinum  boats  in  a  C^oinbustioa  tube  behind  coj)|ier  oxifle. 
It  was  then  burned  in  a  stream  of  pure,  dry  oxygen,  and  the  carbonic 
acid  and  water  were  collected  after  the  usual  method.  Ten  experiments 
were  made;  in  i^ll  of  them  the  above-ns^med  prochicts  were  estimated, 
and  in  five  analyses  the  resulting  eerie  oxide  was  also  weighed.  By  de- 
ducting the  water  found  from  the  weight  of  the  air-dried  oxalate,  the 
weight  of  the  aidiyilr*>us  oxalate  is  obtained,  and  the  percentages  of  its 
constituents  are  easily  determined.  In  weighing,  the  articles  weighed 
were  always  counterpoised  with  similar  materials.  The  following  weights 
were  found : 


Oxak 

lU, 

Watei 

r. 

CO,. 

CeO^. 

9.8541  \ 

»rm. 

2,tgS7grm. 

3.6942 1 

grm. 

95368 

2,1269 

a 

3.5752 

9.3956 

a.073; 

i* 

3.4845 

10.0495 

2.2364 

«i 

3.77<M 

*  *^  >  ■  • 

10.8249 

2.4145 

«{ 

4,0586 

9-3^79 

2.0907 

'* 

3JU8 

4.6150  grm 

9' 7 646 

2,1769 

*i 

3.6616 

4.8133     " 

9.9026 

2.ao73 

** 

3.7'39 

4.8824     *■ 

9.9376 

2,2170 

«* 

3  725" 

4.897'      " 

9  5iM 

2.1267 

«( 

3  5735 

4.6974     •' 

These  figures  give  us  the  following  percentages  for  00^  and  CeO,  in  the 
anhydrous  oxalate; 

•  Journ.  far  Fimkt.  Chem.,  120,  ata,    1875. 
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CO,. 

4'S.256 
4S.249 
48.248 
48.257 
48.257 
48. 253 
48*257 
4S.262 
4S.249 
48.253 


CeO,. 


63417 
63.436 

63.44^ 
63.429 

<'3'430 


Mean,  48.2546  ±:  .001 


Mean,  6J.4316,  ±:  .0032 


These  results  could  not  be  appreciably  affected  by  combination  with 
tbe  sintrle  oxalate  experiments  of  Jegel  and  of  Rainmelsberg,  and  the 
latter  may  tlierefore  be  ignored. 

Rohinaoit'j?  work,  published  in  1884,*  was  based  upon  pure  cerium 
chloride,  prepared  by  heatinj:;  dry  cerium  oxalate  in  a  stream  of  dry, 
gaseous  liydroirhlorie  acid.  This  compound  was  titrated  with  t^tandard 
solutions  of  pure  silver,  prepared  according  to  Stas,  and  these  were 
weighed,  not  measured.  In  the  third  column  I  give  the  ratio  between 
CeCl,  and  100  part'i  of  silver : 


CeCl^. 

^J^. 

Raiia. 

5-5361 

7.26630 

76.189 

6,0791 

7^9«:>77 

76172 

6.4761 

8.50626 

7^^m 

6.98825 

9.1S029 

76.122 

6.6S73 

8. 7801 S 

76.164 

7.0077 

9.20156 

76.ts8 

6.96CX) 

9- 13930 

76.150 
Mean,  76.i55r  rfc  .0065 

Reduced  lo  a  vacuum  this  becomes  76.167. 

In  a  later  paper,!  Robinson  discusses  the  color  of  eerie  oxide,  and 
criticises  tlie  work  of  Wolf.  lie  shows  that  the  pure  oxide  la  not  white* 
and  makes  it  amiear  probable  that  Wolf's  materials  were  contaminated 
with  conifiounds  of  lanthanum.  He  also  urges  that  Wolfs  cerium  sul- 
phate could  not  have  been  absolutely  definite,  because  of  defects  in  the 
method  by  which  it  was  dehydrated. 

Brauner,J;  in  IS85,  investigated  oeriimi  sulphate  with  extreme  care, 
and  appears  to  have  obtained  material  free  from  all  other  earths  and 
absolutely  bomof^eneous.     The  anhydrous  salt  was  calcined  with  all 


•Chemical  New*.  50.  ajt.    No*.  fS,  1884.    Proc.  Roy.  Soe.,  3,7, 190^ 

f  Chemical  New*.  54,  jag.    j896. 

t  Sitjctings.  Wien.  Akad.,  Bd.  93.    July,  rS85. 


^^m           ^^^V 

H 

H^^  precautions,  and  tyie  data  obtained,  reduced  to  a  vacuum,  were            1 

■            Ce,{SO,\.                       CeO,. 

Per  cent  CeOr                          ^^k 

^^^         a.  16769                         1.31296 

60.5693                   ^H 

^^          2.41050                             1^47  ^'^'S 

60.5707                         ^H 

^^H       2.07820                    1.25860 

60.5620                        ^^H 

^^H            2. 2 1 206                                     1 .  339% 

60.5721                    ^H 

^H         I.2S44S                           .77S45 

60.6043                             ^^1 

^H           t9554<3                              TiS4j6 

60.5687                     ^H 

^^H       2.464S6                    1.49290 

60.5673                     ^H 

^^1       2.04  ist                       t.  237^3 

60.5997                     ^H 

^H          2.i77l4                              '31^7^ 

60.5739                     ^H 

^^M      2.09138                    1.26654 

60.5605                     ^^1 

^H     a.21401                1.34139 

60.5863                     ^H 

^H          2^44947                               l-4^3f'*7 

6o.57ti                                   ^H 

^H          2.a2Q77                               1.35073 

60.5771                     ^H 

^^^^_  S.7J662                              1*65699 

60.54S6                     ^H 

^^^Bik^i86i4                           1.59050 

60.5642                     ^^1 

^^^^^^1^>44 

60.5632                     ^^1 

^^■^   1.57655                                  .95540 

60.6007                          ^^H 

^^^^Ka*72SK2                             }. 65256 

60.5600                          ^^1 

^^^V>-i0455 

^^1 

^        5  10735                            1.27698 

60.5965                     ^H 

^^^_J-43557                            I  475 17 

60.5692                     ^^1 

^^^■^01369 

60. 5649                       ^^H 

^^^^4-07^                            3*01 37 -s 

605537                       ^1 

^f 

Kfenn.  60  5729,  d:  .0021                     ^^| 

Bhii  mean  completely  outvveiy:h«  the 

work  dune  by  Wolf  and  Wing,        ^B 

vi&t  ujiim  <Mnnhination  the  latter  jiractically  vanish.     \Ving*s  mean  is             1 

^■ttPlf  Kiven  equal  weight  with  VV^olPs,  and  the  combination  ig  as             1 

E           Wolf. 

60.366,    -b  .030H                           ^^1 

^^K       ^Ing 

60.244,    ±:  .030S                           ^^^1 

^^^P                 Gener&I  memii . . 

60.5729,  ±:  .0021                                         ^^1 

...60.566,    ^.oo2r                            ^^1 

Bt|8K»eyi*r;il  paper?  upon  the  cerite  earths  were  publislied  by  Schutz-        ^^ 

0^.^     In  the  tlri-t  of  these  a  single 

determination  of  atomic  weight             M 

B^m*    I'ure  CeO,«  nf  a  yellowish  white  color,  was  converted  into  aul-        ^H 

W^  which  was  dried  in  a  current  of  dry  air  at  AW*.     This  salt,  die-        ^B 

B»d  ia  water,  wa^  poured  into  a  hot  solution  of  c^UHticaoda,  made             1 

^^^^                     Iter  filtration  and  wa.shing,  the  hltrale,  jtcidulated              1 

^^^^L^                  ill    wan  precipitated  with  barium  chloride.     The              1 

^^^Hk>i                     rained  hy  the  ceriura  hydroxide  was  recovered             | 

^^^Hi»                              *crpitation, 

m\d  added  to  the  main  amount.             1 

^^^H                                              ^cTJi)..  ii'\  fi|».  66s,  v^7.  i4iid  tI43.     189V                                                          ^^H 
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LANTHANUM. 

Leaving  out  of  account  the  work  of  Mosander,  and  the  valuelef 
periments  of  Choubine,  we  may  consider  the  estimates  of  the  a( 
weight  of  lanthanum  which  are  due  to  Hermann,  Rammelsberg,  M 
nac,  Czudnowicz,  Holzmann,  Zschiesche,  Erk,  Cleve,  Brauuer,  B 
and  Bettendorff. 

From  Rammelsherg*  we  have  but  one  analysis.  .700  grm.  of  la 
num  sulphate  gave  .883  grm.  of^ barium  sulphate.  Hence  100  pa 
BaSO,  are  equivalent  to  79.276  of  La,(SO,),. 

Marignac.t  working  also  with  the  sulphate  of  lanthanum,  emp 
two  methods.  First,  the  salt  in  solution  was  mixed  with  a  slight  c 
of  barium  chloride.  The  resulting  barium  sulphate  was  filtered  ol 
weighed ;  but,  as  it  contained  some  occluded  lanthanum  compoun 
weight  was  too  high.  In  the  filtrate  the  excess  of  barium  was  estin 
also  as  sulphate.  This  last  weight  of  sulphate,  deducted  from  the 
sulphate  which  the  whole  amount  of  barium  chloride  could  form, 
the  sulphate  actually  proportional  to  the  lanthanum  compound, 
following  weights  are  given : 


La^{SO,\. 

BaCl^, 

1st  BaSO^, 

2d  BaSO^. 

4.346  grm. 

4.758  grm. 

5.364  grm. 

.115  grm. 

4.733     " 

5.178    " 

5.848    " 

.147     " 

Hence  we  have  the  following  quantities  of  Ija^CSOJ,  ]>roportio] 
100  parts  of  BaSO^.  Column  A  is  deduced  from  the  first  BaSO 
column  B  from  the  second,  after  the  manner. above  described  : 

A.  B. 

81.022  83.281 

80.934  83.662 


Mean,  80.978,  rb  .030  Mean,  83.471,  dr  .128 

From  A I^  =  138.47 

From  B **  =  147. 13 

A  agrees  best  with  other  determinations,  although,  theoretical]/ 
not  so  good  as  B. 

Marignac's  second  method,  described  in  the  same  paper  with  the  fo 
ing  experiments,  consisted  in  mixing  solutions  of  fia/SO/,  with  solo 
of  BaClj,  titrating  one  with  the  other  until  equilibrium  was  establii 
The  method  has  already  been  described  under  cerium.     The  weigl 

•  PofCff^nd.  Annalen.  55,  65. 

t  Arch.  Sci.  Phys.  et  Nat.  (1),  11,  39-    1B49. 
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re  tntxima  and  minima  for  BaCl,.    In  another  column  I  give  La,(S04), 

oportional  to  100  parts 

of  BaCl,,  mean  weights  being  taken  for  the 

ter: 

La^(SO,),. 

BaCl^. 

Ratio. 

11.644  grm. 

12.765—  12.825  grm. 

91.004 

12.035    •* 

13.195— »3.265    " 

90.968 

10.690    " 

11.669— 11.749    " 

91.297 

12.750    " 

13.920  —  14.000    " 

9».332 

10.757    *' 

11.734— 11.814    " 

9«.362 

12.672    •* 

I3.8»3— 13.893    *• 

91.475 

9.246    *♦ 

10.080 —  10.160    ** 

91.364 

10.292    •' 

11.204—  11.264    ** 

91.615 

10.192    ** 

II. Ill  —  II. 171    •* 

91.482 

Mean,  91.322,  db  .048 

Hence  Ia  ==  140.2. 

AlthoQgh  not  next  in  chronological  order,  some  still  more  recent  work 
Wtrignac's*  may  properly  be  considered  here.  The  salt  studied  was 
e  sulphate  of  lanthanum,  purified  by  repeated  crystallizations.  In  two 
iperiments  the  salt  was  calcined,  and  the  residual  oxide  weighed  ;  in 
roothers  the  lanthanum  was  precipitated  as  oxalate,  and  converted  into 
side  by  ignition.     The  following  percentages  are  given  for  1^0, : 

^''^    >  By  calcination. 
57.58/ 

57*55}^^**  as  oxalate. 

Mean,  57.5475,  rh. 01 15 

The  atomic  weight  determinations  of  Holzmann  t  were  madeby  analy- 
®  of  the  sulphate  and  iodate  of  lanthanum,  and  the  double  nitrate  of 
^^esium  and  lanthanum.  In  the  sulphate  experiments  the  lantha- 
ina  was  first  thrown  down  as  oxalate,  which,  on  ignition,  yielded  oxide. 
^©  sulphuric  acid  was  precipitated  as  BaSO^  in  the  filtrate. 

La^(SO^\.  La^O^.  BaSO,. 

.9663  gnn.  .5»57g»'n"-  1. 1093  grm. 

.6226    "  .3323    **  .7123    *• 

.8669    «•  .4626    *♦  .9869    '♦ 

*he8e  results  are  best  used  by  taking  the  ratio  between  the  BaSO^,put 
*O0,and  the  La,0,.     The  figures  are  then  as  follows  : 

46.489 
46  652 
46.873 


Mean,  46.671,  rb  .075 


•▲ml  4  •    1873. 

tjoan  n,    1858. 
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In  the  analyses  of  the  iodate  the  lanthanum  was  thrown  down  ti 
late,  as  before.  The  iodic  acid  was  also  estinoated  volumetricall 
the  figures  are  hardly  available  for  present  discussion.  The  foil 
percentages  of  La,0,  were  found : 

23-454 
23.419 
23.468 

Mean,  23.447,  ±  .02>6 

The  formula  of  this  salt  is  La,(I0,),.3H,0. 
The  double  nitrate,  La,(NO,),.3Mg(NO,),.24H,0,  gave  the  foil 
analytical  data : 

Salt.  Hfi.  MgO.  La^O^ 

.5327  grm.  .1569  grm.  .0417  gnn.  .1131  gnn. 

.5931    "  .1734    **  0467    "  .1262    •' 

.5662    "  .1647    **  .0442    "  .1197    ** 

.3757    "  .0297    "  .0813    " 

.3263    "  .0256    •*  .0693    •' 

These  weighings  give  the  subjoined  percentages  of  La,0, : 

21.231 
21.278 
21. 141 
21.640 
21.238 

Mean,  21.3056,  =fc  .058 

These  data  of  Holzmann  give  values  for  the  molecular  weight  01 
as  follows : 

From  sulphate La,0,  =  322.460 

From  iodate "      =r  320.726 

From  magnesian  nitrate **      =  322.904 

Czudnowicz*  based  his  determination  of  the  atomic  weight  of  1 
num  upon  one  analysis  of  the  air-dried  sulphate.  The  salt  oon 
22.741  per  cent,  of  water. 

.598  grm.  gave  .272  grm.  La,0,  and  .586  grm.  BaSO^. 

The  La,0,  was  found  by  precipitation  as  oxalate  and  ignition 
BaS04  was  thrown  down  from  the  filtrate.  Reduced  to  the  stai 
already  adopted,  these  data  give  for  the  percentage  of  La,0,  in  the 
drous  sulphate  the  figure  58.668.  79.117  parts  of  the  salt  are  p 
tional  to  100  parts  of  BaSO,. 

•  Journ.  for  Prakt.  Ctaem.,  80.  33.    i86a 
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Hermann'*^  studied  both  the  sulphate  and  the  carbonate  of  lanthanum. 
Imn  the  anhydrous^  sulphate,  by  precipitation  as  oxalate  and  ignition, 
htfollawrinK  percentages  of  I/ajOa  were  obtained : 

57*690 
57.663 
57610 


Me«n,  57,654,  db  -016 
TTif  rarlronati-,  dripd  at  100**,  gave  the  following  percentages  t 

6S.47  La,0|, 
J7  67  CO,. 
3.86  H,0, 

kooing  from  the  ratio  between  COj  ami  La,0,,  the  niolecular  weight 
fofth«  latter  becomes  324.254, 

Iji'.-'         \  r  t?xperiTnenl5  congifc^t  of  six  analyses  of  lanthanum  sul- 
Ipliiti'  -Ut  was  dehydrated  at  2Ii<)°,and  afterwards  calcined.     I 

Qlijoiohifi  pcrcuiitaged,  and  in  a  fourth  column  deduce  from  them  the 
I  of  La,0|  in  the  ayihydrmis  aalt : 


T¥,a 

SO,. 

La,Oy 

La^Oi  in  Anhydrous  SaiL 

23.629 

J3-470 

43.909 

56.74s 

Si.  $61 

33.^ 

44.132 

56.964 

11,730 

33-200 

44.070 

57.034 

ai.570 

33.333 

44*090 

56,947 

».6io 

33.160 

44.140 

S7.'50 

»l.6io 

33.051 

44.310 

57.277 

Meftn.  57.021,  ^.051 

&kt  found  that  .474  grm.  of  I.^(SOJ,,  by  precipitation  as  oxalate  and 
0,  ^ave  ,27r)5  grm.  of  La^^*T  f>f  57,068  per  cent.  ,7045  grm.  of  the 
laleo  gave  .8815  grm.  of  Ba80.,  Hence  lOT)  parts  of  BaSO,  are 
litalent  to  79.921  of  La,(80j,. 

Prom  Cleve  we  have  two  separate  investigations  relative  to  the  atomic 
^*ghtof  lanthanum.     In  his  first  series  §  strongly  calcined  La^O^,  spec- 
pically  pure,  was  dissolved  in  nitric  acid,  and  then,  by  evaporation 
riulphuric  acid,  converted  into  sulphate: 


1.9215  igrm,  La,0,  gave  3.3365  grm.  sulphate. 

ao570  '*  3.5705 

1.6980  ••  2.9445 

2<«40  **  3.6170  '• 

1.9565  *•  3.3960 


57,590  per  cent. 
57.6n      " 

57.667      - 

57.617      " 

57.612     ** 


Mean,  57.619,  ±^  .0085 


•  toiiri)   fur  Prmkt  Cliein,«  Si,  596.     1861. 
Pmkt.  Chcm.,  104,  174- 
■*  ZettschHft,  6,  306.     i«7t. 
I  i;.  bvcuAk.  Vet  ^kJi4.  HAndlin^ar,  Bd.  3,  No,  7. 
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Prom  the  last  column,  which  indicates  the  percentage  of  La 
La,(SO,)„  we  get,  if  SO,  =  80,  La  =  139.15. 

In  his  second  paper,*  published  nine  years  later,  Cleve  gives  \ 
similarly  obtained,  but  with  lanthanum  oxide  much  more  com) 
freed  from  other  earths.  The  data  are  as  follows,  lettered  to  corn 
to  different  fractions  of  the  material  studied : 


B.        .8390  grm. 

La,0, 

gave  1.4600  sulphate. 

57.466  per  ceni 

'1.1861 

C  J     -^^93 
^•^     .8685 

I   .8515 

2.0643 
1.5645 
1. 5108 

1.4817 

II 
II 
II 

57458       •• 
57.482       - 
57.486       - 
57.468       " 

D   1    •'^'' 
I    .7329 

1. 1282 

1.2746 

II 
II 

57.490       ** 
57.500       " 

E.      1.2477 

2.1703 

II 

57.490       " 

^  J...62. 
I  1.5749 

2.0217 
2.7407 

II 

57.481       *• 
57.463       •* 

G   1  '-^^^7 
'  I  1.4455 

2.3248 
2.5146 

It 

II 

57.497       *' 
57.484       " 

Mean,  57.480,  rfc  .0040 

Hence  with  SO,  =  80,  La  =  138.22. 

From  Brauner  we  also  have  two  sets  of  determinations,  both  base 
the  conversion  of  pure  La,0,  into  La^CSOi),. 

In  his  first  paper,  Brauner  f  gives  only  two  syntheses,  as  follon 


1.75933  grm.  ^2^i  gave  3-05707  La,(SOJ,. 
.92417  **  1.60589         '* 


57.566  per  cent 
57.549       " 


Mean,  57.5575 

This  mean  we  may  regard  as  of  equal  weight  with  Marignac 
assign  to  it  the  same  probable  error. 

In  Brauner's  second  paper  J  six  experiments  are  given ;  but  the  1 
are  affected  by  a  misprint  in  the  second  determination,  which  I : 
able  to  correct.    Only  five  of  the  syntheses,  therefore,  are  given  b 

.7850  grm.  La^O,  gave  1.3658  1^4(804)5. 
2.1052  **  3.6633         *' 

i.ooio  **  1.7411         " 

1.3807  **  2.4021         ** 

1.5275  "  2.6588 

Mean,  57.4«o,  d=  .0084 


57.476  per  cent. 

57.467 

ii 

57.525 

<i 

57.479 

«i 

57.451 

•  1 

Brauner's  weighings  are  all  reduced  to  a  vacuum. 

Both  Bauer  and  Bettendorff  made  their  determinations  of  the 

•  K.  Svensk.  Vet.  Akad.  Handlingar,  No.  i,  1885. 

t  Journ.  Chem.  Soc.,  Feb.,  1882,  p.  68. 

X  Sitcungsb.  Wien.  Akad.,  June,  tSfa.  Bd.  86,  II  Abttu 
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ight  of  lanthanum  by  the  same  general  method  as  the  preceding 
uer's  data  *  are  as  follows : 

.6431  gnn.  La,0,  gave  1. 1 171  sulphate.  57.569  per  cent. 

.7825  **  1.3613        ••  57.482#     ** 

1.0112  *'  1.757'        "  57.549       *' 

.7325  «•  1.2725        "  57.564      '* 

Mean,  57.541,  ±.0136 

Jettendorff  found  t — 

.9146  grm.  LasO,  gave  1.5900  sulphate.  57.522  per  cent. 

.9395  "     '  ^'^332        "  57525       " 

.9«33  "  1.5877        "  57.5^3      *' 

1.0651  •*  1.8515        '*  57.526       •« 

Mean,  57.524,  d=  .0006 

^e  may  now  combine  the  similar  means  into  general  means,  and  de- 
e  a  value  for  the  atomic  weight  of  lanthanum.  For  the  percentage  of 
de  in  sulphate  we  have  estimates  as  follows.  The  single  experiments 
^zadnowicz  and  of  Erk  are  assij?ned  the  probable  error  and  weight  of 
ngle  experiment  in  Hermann's  series  :^ 

Czudnowicz. .   58.668,    db  .027 

Erk 57.068,    ±  .027 

Hermann 57.654,    ±1.016 

2^hiesche 57021,    rh  .051 

Marignac 575475.  rt  .01 15 

Cleve,  earlier  series 57.619,    db  .0085 

Oeve,  later  series 57.480,    rb  .0040 

Brauner,  earlier  series 57-5575.  =b  .0115 

Brauner,  later  series 57,480,    =b  .0084 

Bauer 57-54',    ±   0126 

BettendorfT. 57-524,    ±  .0006 

General  mean ...   57.522,    db  .00059 

This  result  is  practically  identical  with  that  of  Bettendorff,  whose  work 
^nj8  to  receive  excessive  weight.  The  figure,  however,  cannot  be  far 
^t  of  the  way. 

For  the  quantity  of  La,(S04)3  proportional  to  100  parts  of  BaSO^.  we 
^vefive  experiments,  which  may  be  given  equal  weight  and  averaged 
^ther: 

Marignac 81.022 

Marignac 80.934 

Rammtlsberg 79. 276 

Czudnowicz 79-  >  •  7 

Erk 79.921 


Mean,  80.054,  rfc  .270 


*  Freiburg  Inaugural  Dissertation,  1884. 
t  Ann.  d.  Chem.,  356,  168. 
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In  all,  there  are  six  ratios  from  which  to  calculate : 

(I.)  Percentage  of  L14O,  in  La,(SOJ„  57.522,  zh  .00059 

(2.)  3BaCl,  :  1^(804),  —  100  :  91.322,  db  .0^— Marignac 

(3.)  3BaSO^  5La,(S04),  :  :  100  :  80.054,  ±  .270 

(4.)  3BaSO^  :  La,0,  ;  :  100  :  46.67 1,  db  .075 — Holzmann 

(5.)  Percentage  of  La,0,  in  iodate,  23.447,  db  .0216 — Holzmann 

(6.)  Percentage  of  La,Og  in  magnesian  nitrate,  21.3056,  db  .058 — Holzmaia 

Hermann^s  single  experiment  on  the  carbonate  is  omitted  from 
scheme  as  being  unimportant. 

For  the  reduction  of  these  data  we  have —  ' 

0=  15.879,^.0003  N   =  13.935,^.0021 

Cl  —   35-«79,  ±  .0048  C    =   11.920,  db  .0004 

1    =  125.888,  db  .0069  Mg=   24. 100,  db  .001 1 

S   =    31.828,  ±  .0015  Ba  =  136.392,  db  .0086 

For  lanthanum  sulphate  two  values  are  obtainable  : 

From  (2) La,(SOJ,  =  566.425,  =fc    .2999 

From  (3) *•        =  556.542.  db  1.8729 

General  mean..? La,(SOJ,  =  566.182,  dtr    .2961 

Hence  La  =  140.075,  ±  .1481. 

For  the  oxide  there  are  four  independent  values,  as  follows : 

From  (I) La,0,  =  322.825,  dt  .0090 

From  (4) **      =  322.460,  ir  .5215 

From  (5) •»      =  320.726,  dt  .3159 

From  (6) *•      =  322.904,  d=  .9107 

A  glance  at  these  figures  shows  that  the  first  alone  deserves  consid 
tion,  and  that  a  combination  of  all  would  vary  inappreciably  froo 
Taking,  then,  La,0,  =  322.825,  ±  .0090,  we  get- 
La  =137-594,  db.0046; 

or,  with  0  =  16,  La  =  138.642. 

If  we  take  the  concordant  results  of  Cleve  s  and  Brauner's  later  sei 
which  give  the  percentage  of  La,Oj  in  La,(SOJ,  as  57.480,  then  L 
137.316.     Possibly  this  value  may  be  better  than  the  other,  but  the 
dence  is  not  conclusive. 
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(iving   Moaander'a  early  experiment  out  of  account,  the  atomic 
bt  of  tbtJ  POH'alled  **  tlklymium  '*  was  determined  by  Marignac,  Her- 
Z«chie»che,  Erk,  Clave,  Brauner,  and  Bauer.    All  of  these  data  ^ 
iK>w  liarc  imly  historinil  value,  and  may  he  disposed  of  very  briefly. 
MnriiniJic'*^  detennined  tht;  ration  between  didyminm  sulphate  and 
riutn  sulphate,  between  silver  chloride  and  didymia,  and  between 
idjmiiuin  sulphate  and  didyinium  oxide.    The  other  detenninations  all 
to  ll»e  Aulphate-oxi<le  ratio.     Leavin^j  all  else  out  of  account,  the 
rrr  data  fur  the  percentage  of  Di^Oj  in  Di.XSOJ^  are  as  follows.     The 
lie  weight  of  Pi  in  the  la^t  column  is  based  upon  SO^  =^  80 : 


rtftL  Di^O^. 

Ai,  m,  Di. 

58.270 

143.56 

S8.J40 

142.67 

57.926 

14^21 

58.090 

>42.i3 

58.766 

147.0a 

58.6S1 

146.4* 

M*tigfi»c,f  6vc  cxperimenu. . 
ncnn«»in,t  one  cupcrlmeni.  . , 
jCAchie»che,  {  five  experiments  . 
EHi.O  **•>  cxpcf»mcnts, . , . 
ClcfC,^  silt  eKperimcnts. 
Jtmutier ,♦♦  ihree  experimcnu  , 

Tb€  ilijKH>rditnc6  of  the  determinatioua  is  manifest,  and  yet  up  to  1883 
I©  tletuentary  nature  of  didymium  irieeniH  tc^  have  been  undoubted.     In 
.year,  however,  Clcve  and  Brauner  both  showed,  inde[)endenlly,  that 
didymta  previously  studied  by  them  e<mtained  samaria,  and  that 
r disturbance  was  eliminated. 

jner's  investigation  ti'  the  didymium  compounds  were  carefully 
BuDatcd,  and  the  determinations  of  atomic  w^eight  were  made  by 
;  of  tlie  sulphate  from  the  oxide  in  the  usual  way.     Neglecting 
[Ids  tlnit  series  gave  rci^ults  as  follows: 


58.S06 
5«.526 
SS.500 
58.515 
S8.5i» 


At  WU 
145*36 
H5.SO 
145.51 
145.42 
<45.53 


^T««  Vt^efB :  htA.  ScL  Fhys.  el  NaL  (i  ),  u.  39*    1849-    Ann.  Chtm.  Pliys.  (3),  jS,  148.    1S53. 


.  *!••«.  fftT  Pmltt  Chcm.,  8j,  36; 


l8$i. 

I-'   '>'-•■•     ro7»  74, 

UnoiU.,  Bd.  J,  No,  8.    1874. 
1,  Soc.,  jttnc«  1883.    The  vmlues  giWD  are  %m  cotitpittcd  hf  VmatiCT,  witli  O  ^ 


**a^«|. 
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Another  determination,  with  material  re  fractionated  from  Uu 
his  investigation  of  the  previous  year,  gave  58.512  per  cenL 
Di  =  145.40. 

These  determinations,  although  concordant  among  thems 
still  about  a  unit  lower  than  those  published  in  1882,  indicatii 
the  earlier  research  some  earth  of  higher  molecular  weight  wai 
Accordingly,  another  series  of  fractionations  was  carried  out 
several  fractions  of  **  didymia  "  obtained  gave  the  following  val 
Fraction.  Percent,  Di^O^.  AL  Wt.  '*Di 

1 58.355  "44.32 

2 58.479  I45.>6 

3 58.510  145.39 

4 58.755  147.10 

5                                           f    59.071  149.35 
I    59.086  149.46 

The  last  fraction  is  evidently  near  samaria.(Sm  =  150),  and  1 
was  proved  to  be  present  by  a  study  of  the  absorption  speci 
material  investigated. 

Similar  results,  but  in  some  respects  more  explicit,  were  obfc 
Cleve,*  who  also  found  that  his  earlier  research  had  been  vitiati 
presence  of  samaria.  He  gives  two  series  of  syntheses  of  sulpl 
oxide,  with  two  different  lots  of  material,  after  eliminating  sam 
obtains,  computing  with  SO,  =  80,  values  for  Di  as  follows : 

First  Series, 
Percent.  Difi^  At,  Wt,  Di. 

58.088  142.31 

58.113  142.49 

58.047  142.03 

58.099  142.39 

58. 104  142.42 

58.098  142.38 

58. 104  142.42 

58.103  142.42 

58.070  142.19 

58.079  142.25 

Second  Series. 
Percent,  Di^O^.  At.  Wt,  Di. 

58.125  142.57 

58.093  142.35 

58.088  142.31 

58.1 1 1  142.47 

58.056  142.10 
58.097  142.38 

58.057  142.10 

short,  the  atomic  weight  of  this  "  didymium  "  is  not  far  fit 

•  Bull.  80c.  Chim..  39.  289.    1883.    ofr.  K.  Vet.  Akad.  PdrhaadLf  M(Bw  i 
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Bauer's  little  known  determinations*  were  also  made  by  the  synthesis 
of  the  sulphate.     They  have  corroborative  value  and  are  as  follows  : 

Percent.  Di^O^,  At,  Wi.  Di, 

58.285  143-56 

58.100  142.40 

58.133  •                             142.64 

58.098  142.38 

In  1885  all  of  the  foregoing  determinations  were  i)ractically  brushed 
aside  by  Auer  von  \Velsbach,t  who  by  the  most  laborious  fractionations 
proved  that  the  so-called  "didymia"  was  really  a  mixture  of  oxides, 
whose  metals  he  names  neodidymium  and  praseodidymium,  names 
which  are  now  commonly  shortened  into  neodymium  and  praseodymium. 
One  of  these  metals  gives  deep  rose-colored  salts,  the  other  forms  green 
compounds,  and  the  difference  of  color  is  almost  as  strongly  marked  as 
in  the  cases  of  cobalt  and  nickel.  Their  atomic  weights,  determined  by 
the  sulphate  method,  are  given  by  Welsbach  a  — 

Pr  =143.6 

Nd  =  140.8 

No  further  details  as  to  these  determinations  are  cited,  and  whether 
they  rest  upon  O  =  16,  80,  =  80,  or  O  =  1').96  is  uncertain.  Fuller  deter- 
minations are  evidently  needed. 

♦  Freiburg  Inaugural  Dissertation,  1S84. 
t  Monatsh.  Chem.,  6.  4go.     18S5. 
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SCANDIUM. 

Cleve,*  who  was  the  first  to  make  accurate  experiments  on  the  ate 
weight  of  this  metal,  obtained  the  following  data. :  1.451  grm.  of  sulpt 
ignited,  gAve  .5293  grm.  of  SCaO,.  .4479  grm.  of  Sc,0„  converted 
sulphate,  yielded  1.2255  grm.  of  the  latter,  which,  upon  ignition,  { 
.4479  grm.  of  Sc,0,.  Hence,  for  the  percentage  of  Sc,0,  in  ScjCSOJ 
have: 

36.478 
36.556 
36.556 

Mean,  36.530,  d:  .0175 

Hence,  if  SO,  =  79.465,  Sc  =  44.882. 

Later  results  are  those  of  Nilson,t  who  converted  scandium  oxide  i 
the  sulphate.  I  give  in  a  third  column  the  percentage  of  oxide  in  t 
phate : 

•3379  grn*.  Sc,0,  gave  .9343  grm.  Sc,(SOJ,.         36.166  per  cent 

.3015  "  .8330  '•  36.194       " 

.2998  "  .8257  '*  36.187 

.3192  "  8823  "  36.178       *• 

Mean,  36.181,  db  .004 

Hence  Sc  =  43.758. 

Combining  the  two  series,  we  have — 

Cleve 36.530.  =t  •<>' 75 

Nilson    36.181,^3.0040 

General  mean 36. 190,  dr  .0039 

Hence,  with  SO,  =  79.465,  ±  .00175, 

Sc  =  43.784,  ±  .0085. 

If  0=16,  Sc  =  44.118. 

As  between  the  two  values  found,  the  presumption  is  in  favor  of 
lower.  The  most  obvious  source  of  error  would  be  the  presence  in 
scandia  of  earths  of  higher  molecular  weight. 

*  Coinpt.  Rend.,  89,  419. 
fCompt.  Rend.,  91,  118. 
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•All  the  regular  determinations  of  the  atomic  weight  of  yttrium  depend 
ui)on  analyses  or  syntheses  of  the  sulphate.  A  series  of  analyses  of  the 
oxalate,  however,  by  Berlin  *  is  sometimes  cited,  and  the  data  are  as  fol- 
lows. In  three  experiments  upon  the  salt  Yij(C20jg  3H,0  the  subjoined 
percentages  of  oxide  were  found : 

45.70 
4565 
45.72 


Mean,  45.69,  db  .0141 

Hence  with  O  =  15.879  and  C  =  11.920, 

Yt  =  88.943. 

Ignoring  the  early  work  of  Berzelius,t  the  determinations  to  be  con- 
sidered are  those  of  Popp,  Delafontaine,  Bahr  and  Bunsen,  Cleve,  and 
Jones. 

Popp  I  evidently  worked  with  material  not  wholly  free  from  earths  of 
higher  molecular  weight  than  yttria.  The  yttrium  sulphate  was  dehy- 
drated at  2CX)° ;  the  sulphuric  acid  was  then  estimated  as  barium  sul- 
))hate,  and  after  the  excess  of  barium  in  the  filtrate  had  been  removed 
the  yttrium  was  thrown  clown  as  oxalate  and  ignited  to  yield  oxide- 
Tlie  following  are  the  weights  given  by  Popp: 


Sulphate. 

BaSO,. 

Yt,0,. 

H.fi. 

1. 1805  firm. 

i.3»45g»-ni. 

.4742  grm. 

.255  grni. 

1.4295     " 

1-593      " 

.5745     *' 

.308    " 

.8455     " 

.9407    " 

.3392    " 

.1825  ** 

1.045       " 

1. 1635    " 

.4195    " 

.2258  *' 

Eliminating  water,  these  figures  give  us  for  the  percentages  of  ^\fi^  in 
Yt/SOj,  the  values  in  column  A.  In  column  B  I  put  the  quantities  of 
YtPa  proportional  to  100  i)arts  of  BaSO^ : 

A.  H. 

5'-237  36.075 

51.226  36.064  # 

51. 161  36.058 

51.209  36.055 


Mean,  51.208,  rh  .oil  Mean,  36.063,  rh  .003 

From  B,  Yt  =  101.54.     The  values  in  A  will  be  combined  with  similar 
data  from  other  experimenters. 

*  ForhaTidlingar  ved  de  Skandinaviske  Naturforskeres,  8,  45a.    i860. 

t  I.chrbuch,  V  Aufl.,  3,  1225. 

t  Ann.  Chcm.  Pharm.,  131,  179.    1864. 
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In  1865  Delafontaine*  published  some  results  obtained  from  j 
sulphate,  the  yttrium  being  thrown  down  as  oxalate  and  weig 
oxide.  In  the  fourth  column  I  give  the  percentages  of  Yt^O,  rei 
from  the  anhydrous  sulphate : 

Sulphate.               Vl^O^,  H^O.  Percent.  Ytfi^ 

.9545  grm.  .371  grm.  .216  grm.             50.237 

2.485      "  .9585  •'  .565     "                49.922 

2.153      "  .827     "  .4935  "                49.834 

Mean,  49.998,  ±  .08 

In  another  paper  f  Delafontaine  gives  the  following  percent^ 
YtjO,  in  dry  sulphate.    The  mode  of  estimation  was  the  same  as  I 

48.23 
48.09 
48.37 

Mean,  48.23,  =fc  .055 

Bahr  and  Bunsen,  J  and  likewise  Cleve,  adopted  the  method  0 
verting  dry  yttrium  oxide  into  anhydrous  sulphate,  and  noting  th 
in  weight.     Bahr  and  Bunsen  give  us  the  two  following  results, 
the  usual  percentage  column  : 

>7,<9,.  ytt^SO^^.  Percent,  YLfi^ 

.7266  giro.  1.4737  gnii.  49-304 

.7856     "  1.5956     "  49.235 


Mean,  49.2695,  ±:  .02, 

elevens  first  results  are  published  in  a  joint  memoir  by  Clev 
Hoeglund,§  and  are  as  follows : 


Yt.O,. 

Yt^{SO,\ 

Percent.  Ytfi^ 

1.4060  grm. 

2.8925  grm. 

48.608 

1.0930    *' 

2.2515    •• 

48.545 

1.4540    " 

2.9895    *' 

48.637 

1.3285     '• 

2.7320    " 

48.627 

2.3500    " 

4.8330    " 

48.624 

2.5780    ** 

5.3055    " 

48.591 

. 

Mean 

,48.605,^.0 

In  a  later  paper  Cleve  ||  gives  syntheses  of  yttrium  sulphate  hl 
yttria,  which  was  carefully  freed  from  terbia.  The  weights  anck 
ages  are  as  follows : 

♦Ann.  Chem.  Pharm.,  134,  108.    1865. 

t  Arch.  Sci.  Phys.  et  Nat.  (2).  25,  119.    1866. 

X  Ann.  Chem.  Pharro.,  137,  ai.    x866. 

I K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  i.  No.  8.    1873. 

^  K.  Svenska  Vet.  Akad.  Handlingar,  No.  9,  1883.    See  alto  8«t 
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Yi,0,, 

Yt,{SO,),. 

Percent.  Yt^O^. 

.8786 

I.8IJ3 

48.507 

.8363 

1.7234 

48.526 

.8906 

1.8364 

48.497 

.7102 

1.4645 

48.494 

.7372 

1. 5194 

48.519 

.9724 

2.0047 

48.506 

.9308 

1.9197 

48.487 

.8341 

1.7204 

48.483 

1.0224 

2.1073 

48.517 

.9384 

1.9341 

48.519 

.9744 

2.0093 

48.494 

1.5314 

3.1586 

48.484 

357 


Mean,  48.503,  zb  .0029 

Hence  Yt=  88.449. 

The  y ttria  Btudied  by  Jones*  had  been  purified  by  Rowland's  method — 
that  is,  by  precipitation  with  potassium  ferrocyanide— and  certainly  con- 
tained less  than  one-half  of  one  per  cent,  of  other  rare  earths  as  possible 
impurities.  Two  series  of  determinations  were  made — one  by  ignition  of 
the  sulphate,  the  other  by  its  synthesis.  The  results  were  as  follows,  with 
the  usual  percentage  column  added : 

First  Seines.    Syntheses. 


Yi,0,. 

Yi,[SO,\. 

Percent.  Yt^O^. 

.2415 

.4984 

48.455 

.4112 

.8485 

48.462 

.2238 

.4617 

48.473 

.3334 

.6879 

48.466 

.3408 

.7033 

48.457 

.3418 

.7049 

48.489 

.2S10 

.5798 

48.465 

.3781 

.7803 

48.456 

.4379 

.9032 

48.483 

.4798 

.9901 

48460 

Mean,  48.467,  db  .0025 

Second  Series.     A 

inabjses. 

Yl,{SOX 

Yt,0,. 

Percent.  Yt,0^. 

.5906 

.2862 

48.459 

.4918 

.2383 

48.455 

.5579 

.2705 

48.485 

.6430 

.3"7 

48.478 

.6953 

.3369 

48.454 

1.4192 

.6880 

48.478 

.8307 

.4027 

48.477 

.7980 

.3869 

48.484 

.8538 

.4139 

48.477 

1. 1890 

.5763 

48.469 

Mean,  48.472,  d=  .0024 

•  Amer.  Chera.  Journ.,  17,  154.    1895. 
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From  syntheses Yt  =  88.2S7 

From  analyses **  =  88.J09 

These  data  of  Jones  were  briefly  criticised  by  Delafontaine  *  n 
gards  a  lower  value  as  more  probable.  In  a  brief  rejoinder f 
defended  his  own  work;  but  neither  the  attack  nor  the  replj 
farther  consideration  here.  They  are  referred  to  merely  as  part 
record. 

For  the  percentage  of  yttria  in  the  sulphate  we  now  have  eigh 
of  determinations,  to  be  combined  in  the  usual  way  : 

Popp 51.208,  dr.OllO 

Delafontaine,  first.    . 49-998»  ±  .0810 

Delafontaine,  second 48.230,  db  .0550 

Bahr  and  Bunsen 49.2695,  ifc  .0233 

Cleve,  earlier 48.605,  db  .0096 

Cleve,  later 48.503,  d=  .0029 

Jones,  syntheses 48.467,  :i=  .0025 

Jones,  analyses 48.472,  rh  .0024 

General  mean 48-532,    db  .0015 

Hence,  if  O  =  15.879,  ±  .0003,  and  S  =  31.828,  ±  .0015, 
Yt  =  88.580,  ±.0053. 

If  0  =  16,  Yt  =  89.255. 

If  only  the  four  series  by  Cleve  and  by  Jones  are  considered,  th< 
percentage  of  yttria  in  the  sulphate  becomes  48.481.  Hence  Yt  = 
or,  with  0  =  16,  89.023. 

This  result  is  preferable  to  that  derived  from  all  the  data,  for  it 
out  determinations  which  are  certainly  erroneous.  Cleve 's  earlj 
might  also  be  rejected,  but  its  influence  is  insignificant. 

•Chcm.  Ncwa,  71,  243. 
tChera.  News,  71,  305. 
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SAMARIUM,  GADOLINIUM,  ERBIUM,  AND  YTTERBIUM. 

The  data  relative  to  the  atomic  weights  of  these  rare  elements  are 
nUher  scanty,  and  all  depend  upon  analyses  or  syntheses  of  the  sul- 
phates. 

SAMARIUM. 

Atomic  weight  given  by  Marignac,*  without  details,  as  149.4,  and  by 
^n»uner,t  as  150.7  in  maximum.  The  first  regular  series  of  determina- 
tions was  by  Cleve,  J  who  effected  the  synthesis  of  the  sulphate  from  the 
^^ide.    Data  as  follows : 


Sm^Or 

Sm^iSOX 

Percent,  Sm^O^, 

1.6735 

2.8278 

59.180 

1.9706 

3.3301 

59.175 

1. 1122 

1.8787 

59.201 

1.0634 

1.7966 

59.190 

.8547 

1.4440 

59.190 

.7447 

1.2583 

59.183 

Mean 

,  59.1865,  dr. 

.0025 
Hence  Sm  =  149.038. 
Another  set  of  determinations  by  Bettendorff,§  after  the  same  general 
Method,  gave  as  follows : 


Sm^Ot. 

Stn^(SOX 

Per  cent,  Sm^O^ 

1.0467 

1.7675 

59.219 

1.0555 

1. 7818 

59.238 

1.0195 

1. 7210 

59.225 

Mean,  59,227,  ±  .0038 

Hence  Sm  =  149.328. 

Combining  the  two  series,  we  have — 

Cleve 59. 1865,  =  .0025 

BettendorfT. 59. 227,    rt  .0038 

General  mean 59. 199,    jt  .0021 

^'^nce,  if  SO,  =  79.4G.5,  ±  .00175, 

Sm  =  149. 127,  rt:  .01 15. 

'^  O  =  16,  Sm  =  150.263. 

According  to  Demar^ayJI  samaria  contains  an  admixed  earth  whose 
_^^^^Hies  are  yet  to  be  described. 

•  Arch.  Sci.  Phys.  ct  Nat.  (3).  3.  435-    1880. 

t  Jonm.  Chem.  Soc.,  June,  1883. 

I  Joum.  Chem.  Soc.,  August.  1883.    Compt.  Rend.,  97,  94. 

j  Ann.  Chem.  Pharm.,  263.  164.    1891. 

I  Compt.  Rend.,  laa,  728.    1896. 
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GADOLINIUM. 

This  element,  discovered  by  Marignac,  must  not  be  confounded  i 
the  mixture  of  metals  from  the  gadolinite  earths  to  which  Nordenslri 
gave  the  same  name.  Several  determinations  of  its  atomic  weight  h 
been  made,  but  Bettendorff's  only  were  published  with  proper  detai 
He  effected  the  synthesis  of  the  sulphate  from  the  oxide,  and  his  weif 
were  as  follows.  The  percentage  of  Gd^O,  in  GdjCSOJ,  is  given  in 
third  column : 


Gd^O,. 

GdJ^SO,\. 

PercenL  Gd^O^. 

1.0682 

1.7779 

60.082 

1.0580 

1.7611 

60.076 

1.0796 

1.7969 

60.081 

Mean,  60.0S0,  ih  .0013 

Hence,  with  SO,  ^  79.465,  Gd  =  155.575. 

If  0=r  16,  Gd  =  156.761. 

Boisbaudran  f  found  Gd  =  155.33, 156.06, 155.76,  and  156.12.    lliel 
he  considers  the  best,  but  gives  no  details  as  to  antecedent  values, 
also  quotes  Marignac,  who  found  Gd  -^^  156.75,  and  Cleve,  who  foa 
154.15,  155.28,    155.1,  and   154.77.     Probably  these  all  dei>end  ut 
SO3  =  80. 

ERBIUM. 

Since  the  earth  which  was  formerly  regarded  as  the  oxide  of  this  m 
is  now  known  to  be  a  mixture  of  two  or  three  different  oxides,  the  cT 
determinations  of  its  molecular  weight  have  little  more  than  histoK 
interest.  Nevertheless  the  work  done  by  several  investigators  may  |>3 
erly  be  cited,  since  it  sheds  some  light  upon  certain  important  problc 

First,  Delafontaine's  %  early  investigations  may  be  considered.  A 
phate,  regarded  as  erbium  sulphate,  gave  the  following  data.  An  oxA 
was  thrown  down  from  it,  which,  upon  ignition,  gave  oxide.  The  ] 
centages  in  the  fourth  column  refer  to  the  anhydrous  sulphate.  In 
last  experiment  water  was  not  estimated,  and  I  assume  for  its  water 
mean  percentage  of  the  four  preceding  experiments: 


Sulphate. 

Er,0^. 

luo. 

Per  cent,  Erfi^ 

.827  grra. 

.353  grin. 

.177  grm, 

54.308 

1.0485  •• 

.4475  •' 

.226    ♦* 

54.407 

.803    " 

.3415  " 

.171     *' 

54.035 

1.232    ** 

.523     " 

.264    " 

54.028 

1. 1505  *• 

.495     " 

Mean, 

54760 
,  54.308.  d=. 091 5 

Hence  Er  =  117.86. 

*  Ann.  Chera.  Pharm.,  270,  376.    189a. 

tCompt.  Rend.,  lit,  409.    1890. 

X  Ann.  Chem.  Pharm.,  134, 108.    1865. 
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Bahrand  Bunsen  *  give  a  series  of  results,  representing  successive  puri- 
fications of  the  earth  which  was  studied.  The  final  result,  obtained  by 
the  conversion  of  oxide  into  sulphate,  was  as  follows: 


.7870  grm.  oxide  gave 

I  1.2765 

grm.  sulphate,     t 

)i.653  per  cent,  oxide. 

Hence  Er=  167.82. 

Ho€glund,t  following 

Btllia  • 

the  method  of  Bahr  and  Bunsen,  gives  these 

^oiw: 

£r,{SO,),. 

Percent,  Er^O^, 

1.8760  grm. 

3.0360  grm. 

61.792 

1.7990    *' 

2.9100    ** 

61.821 

2.8410    •' 

4.5935    " 

61.848 

1.2850    *' 

2.0775    '' 

61.853 

1. 1300    " 

1.827      *' 

61.850 

.8475    " 

1.370      *' 

61.861 

Mean,  61.8375,  d=  .0063 

Hence  Er  » 169.33. 

-According  to  Thal6n,t  spectroscopic  evidence  shows  that  the  "  erbia  " 
•tudied  by  Ho^lund  was  largely  ytterbia. 
Humpidge  and  Bumey  §  give  data  as  follows : 

1.9596  grm.  Er,(S04)3  gave  1.2 147  grm.  Er,Oj.       61.987  per  cent. 
I.9011  **  1.1781  "  61.965         ** 


Mean,  61.976,  rb  .0074 

Hence  Er=  170.46. 

The  foregoing  data  were  all  published  before  the  coirposite  nature  of 
the  supposed  erbia  was  fully  recognized.  It  will  be  seen,  however,  that 
three  sets  of  results  were  fairly  comparable,  while  Delafontaine  evidently 
studied  an  earth  widely  different  from  that  investigated  by  the  others. 
Since  the  discovery  of  ytterbium,  some  light  has  been  thrown  on  the 
"tatter.  The  old  erbia  is  a  mixture  of  several  earths,  to  one  of  which,  a 
'■O8e-colored  body,  the  name  erbia  is  now  restricted.  For  the  atomic 
weight  of  the  true  erbium  Cleve||  gives  three  determinations,  based  on 
^'vntheses  of  the  sulphate  after  the  usual  method.  His  weights  were  as 
follows,  with  the  percentage  ratio  added  : 


\\y 


Er,0,, 

Er,{SO,\. 

Per  cent.  Er^O^, 

1.0692 

1.7436 

61.321 

1.2153 

1.9820 

61.317 

.7850 

=  79.465, 

1.2808 
Er=  IG0.O59. 

61.290 

?nce,  with  SO, 

Mean,  61  309,  di  .0068 

0=16,  Er=  166.316. 

•Ann.  Chem.  Pharm.,  137,  21.     1866. 

tK.  Svenska  Vet.  Akad.  Handlingar,  Bd.  i,  No.  6. 

I  Wiedemann's  Beiblfltter.  5,  122.    1S81. 

<l  Jonrn.  Cbem.  Soc..  Feb.,  1879.  p.  116. 

I  K.  Svensk.  Vet.  Akad.  Handlingar.  No.  7.  1880.    Abstract  in  Compt.  Rend..  91,  38a. 
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It  is  not  worth  while  to  combine  this  result  with  the  earlier  detenu ' 
nations,  for  they  are  now  worthless. 


YTTERBIUM. 


For  ytterbium  we  have  one  very  good  set  of  determinations  by  Xilson 
The  oxide  was  converted  into  the  sulphate  after  the  usual  manner: 


y6,o,. 

yd,(so,)y 

Percent.  Ybfi^. 

1.0063  grm. 

1. 6186  grm. 

62.171 

1.0139  " 

1.6314  '* 

62.149 

.8509  - 

1.3690  •* 

62.155 

.7371  '• 

1.1861  •* 

62.145 

1.0005  " 

1.6099  " 

62.147 

.8090  •* 

1.3022  ** 

62.126 

1.0059  *' 

1.6189  ** 

Mean 

62.134 

,  62.147,  :t.C 

.0036 


Hence,  with  SO,  =  79.465,  Yb  =  171.880. 
If  0=  16,  Yb  =  173.190. 


TERBIUM,  THULIUM,  HOLMIUM,  DYSPROSIUM,  ETC. 

For  these  elements  the  data  are  both  scanty  and  vague.    ConcerK^i/ny 
the  atomic  weights  of  holmium  and  dysprosium,  practically  nothing      hv 
been  determined.    To  thulium,  Clevef  assigns  a  value  of  Tm  =  1'3"0.7, 
approximately,  but  with  no  details  as  to  weighings.     Probably  the  r ^ue 
was  computed  with  SO,  =  80. 

For  terbium,  ignoring  older  determinations,  Lecoq  de  Boiabaudran  iw 
published  two  separate  estimates. J  First,  for  two  preparations,  one  'wiUi 
a  lighter  and  one  with  a  darker  earth,  he  gives  Tb  =  161.4  and  163.1 
respectively.  In  his  second  paper  he  gives  Tb  =  159.01  to  159.95.  Th€«e 
values  probably  are  all  referred  to  SO,  =  80. 

*Compt.  Rend..  91,  56.    1880.    Berichte,  13.  1430. 

t  Compt.  Rend..  91,  329.    1880. 

X  Compt.  Rend.,  102,  396,  and  ixx,  474. 
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ARGON  AND  HELIUM. 


Themie  atomic  weights  of  these  reraarkaWe  gases  are  still  in  chMiht^ 
tfl*l  80  far  can  only  he  inferred  fniin  their  specifie  gravities. 

roranron^  the  ^Hacrorttr^r^,  Raylei^h  and  Ramsay,*  give  varions  deter- 

Q^ia&lmm»  of  density,  ninging,  with  hydrngen  taken  as  unity,  from  19.48 

[to  20,6.    In  an  luldcndum  to  the  saine  paper,  Ramsay  alone  gi%'et«  for 

^deni^'ty  of  argon  prepared  hy  the  niagne.siuni  method  the  mean  viiUie 

)Ml,     Jn  a  later  communication  t  Riiyleigh  gives  detenninalions 

Je  with  nrgon  prepared  hy  the  oxygen  metliad,  and  puts  the  density 

^t  mm. 

For  the  density  of  helium,  Ramsav  t  nets  2.1  S,  while  !>anghH§  finds 

leHomewhat  lower  value  2X10. 

Trcim  one  «et  of  physical  data  hotli  guset?  iiii|«ear  to  lie  rnonalomic.  f»nt 

oin  other  considerations  they  are  8U|>|H>siihiy  diatomic.     Upon   ihi.H 

0tion  contrnverny  has  heen  most  active,  and  no  final  settlement  has 

If  (Hatomio,  argon  and  helium  have  approxiniatidy 

it.^  t\vc>  and  twenty  reH[>eetively ;  if  tnoniitoijiic,  tlo'^e 

Jqcs  must  he  douhled,     In  either  case  helium  is  an  element  lying  he- 

ni'en  hydrogen  and  lithium,  hut  argon  is  mot^t  difficult  to  elasKJfy.     With 

tipat*>niic  weight  20,  ariron  falls  in  the  eiglith  column  of  the  periudin 

pystem  hetween  fluorine  and  sodium,  hut  if  it  is  40  the  position  of  the  gas 

'aniinmlou^i,     A  <*lightly  lower  value  would  phu-e  it  hetween  chlorine 

iml  [loUissiuru,  and  agaitv  in  the  eighth  column  of  Meudeh'jeff's  tahle; 

>utf<jr  the  nunihrr  40  no  oj»ening  can  he  found. 

It  must  be  noted  that  neither  gas,  so  far,  haa  heen  prove*!  to  be  ahso- 
NtcW  homogeneous,  and  it  is  quite  possible  that  both  may  contain  ad* 
♦  if  other  things.  This  consideration  has  been  repeiite<lly  urgedj 
UH  writers.  If  ai^on  is  raonatomie.  a  small  impurity  of  greater* 
|[eiisity,  fiay  of  an  unknown  element  falling  hetween  bromine  and  rubid- 
LWuuhl  necount  for  tht?  abnormality  of  its  atomic  wc/ight,  nm\  ten<l 
rds  the  reduction  of  the  latt«jr.  If  the  element  is  iliatomic^  its  classi- 
"icmtioQ  m  easy  enough  on  the  basis  of  existing  dat^t.  lis  resemblances 
nitrogen,  a^  regards  density,  boiling  pointy  difliculty  of  liquefaction. 
.lead  nie  personally  to  favor  the  lower  figure  for  its  atomic  weight, 
^«1  the  .<iaine  considerations  may  apply  to  helium  also.  Until  further 
^itlr-  'bed,  therefore,  I  shall  assume  the  values  two  and  twenty 

ii|  ,  true  for  the  atomic  weights  of  lielium  and  argon. 

*  Phit.  TruTi».,  iS6,  pp.  3x>  to  393,  And  aj^S.    lAgts. 
tCh«m.  N"rw*,  73»  75.    1896. 
IJpam.  Chein.  Soc,  i«q5,  p.  6»i4. 
*^  -    -  —      I.,  ,0^  J89. 
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TABLE  OF  ATOMIC  WEIGHTS. 

»llo\ving  table  coiitiiiiis  the  values  for  the  various  atomic  weightj 

:  adopted  in  the  preceding  calculations.     As  the  table  is  intended: 

tical  use,  the  figures  are  given  only  to  the  second  decimal,  th^ 

aing  rarely,  if  ever,  significant.     In  most  cases  even  the  first  dec  t 

uncertain,  and  in  some  instances  whole  units  may  be  in  doubt. 

H  =  i.  0=i6.           — 

Aluminum 26.91  27.1 1 

Antimony >  19-52  *20  43 

Argon ?  ? 

Arsenic 74-44  75-0' 

Barium 136.39  '3743 

Bismuth 206.54  208.11 

Boron 10.86  10.95 

Bromine 79.34  79.95 

Cadmium 1 1 1. 10  '<<.95 

Caesium "31.89  '32.89 

Calcium 39.76  40.07 

Carbon 11.92  12.01 

Cerium i39.'o  140.20 

Chlorine 35  '8  35.45 

Chromium 5'-74  52.I4 

Cobalt 58.49  58.93 

Columbium. 93-02  93-73 

Copper 63. 12  63.60 

Erbium 165.06  166.32 

Fluorine 18.91  19.06 

Gadolinium..... '55-57  156.76 

Gallium 69.38  69.91 

Germanium. 71-93  72.48 

Glucinum 9.01  9.08 

Gold '95-74  197.23 

Helium ?  ? 

Hydrogen I.ooo  1.008 

Indium    112.99  "3.85 

Iodine '25.89  126  85 

Iridium 191.66  '93-  '2 

Iron 55.60       ,  56.02 

lanthanum '37-59  '  58.64 

Lead 205.36  206.92 

Lithium 6.97  7.03 

Magnesium 24. 10  24.28 

Manganese 54.57  54.99 

Mercury 198.49  aoo.oo 

Molybdenum 95.26  95-99 

Neodymium 139.70          •  I4a8o 

Nickel 58.24  58.69 
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H  =  i.  0  =  i6.                 * 

Nitrogen '3-93  '4.04 

Osmium 1^-55  *90'99 

Oxygen 15.88  16.00 

Palladium 105.56  106.36 

Phosphorus 30.79  31.02 

Platinum 193-41  194.89 

Potassium 38.82  39. 1 1 

Praseodymium 142. 50  143.60 

Rhodium 102.23  103.01 

Rubidium 84.78  85.43 

Ruthenium 100.91  101 .68 

Samarium 149. 13  150.26 

Scandium *. 43-78  4412 

Selenium 78.42  79.02 

Silicon 28. 18  28.40 

Silver 107.11  107.92 

Sodium 22.88  23.05 

Strontium    86.95  87.61 

Sulphur 31.83  32.07 

Tantalum 181.45  182.84 

Tellurium 126.52  127.49 

Terbium 158.80  160.00 

Thallium 202.61  •  204.15 

Thorium 230.87  232.63 

Thulium 169.40  170.70 

Tin 118. 15  119.05 

Titanium 47-79  48.15 

Tungsten 183.43  184.83 

Uranium 237.77  239.59 

Vanadium 50.99  5 '  -38 

Ytterbium 171.88  17319 

Yttrium 88.35  89.02 

Zinc 64.91  65.41 

Zirconium 89. 72  90.40 
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PREFACE. 


Phe  purpose  of  this  BiWiography  is  to  enumerate  the  articles  upon  the 
metals  of  the  platmum  group  found  in  scientific  literature  to  the  cloee  of 
the  year  1896.  It  is  sought  to  make  the  record  of  the  chemistry  of  these 
metals  as  complete  as  poBsible^  and  it  is  believed  that  few  references  of 
importance  are  omitted*  Chloroplatinates  of  organic  bases  are  consid- 
ered only  in  the  case  of  those  early  formed.  Outside  of  the  department  of 
chemistry  several  divisions  of  the  subject  have  not  been  followed  beyond 
the  earlier  references,  e.  g.^  the  use  of  platinum  in  electrical  apparatus, 
in  photography,  and  in  connection  with  the  X-rays.    To  facilitate  the 

.use  of  the  indexes  the  number  of  each  title  includes  the  year.  The  first 
reference  is  that  of  the  original  article.  The  abbreviations  used  are  gen- 
erally those  recommended  by  the  Committee  on  Bibliography  of  the 
American  Association  (or  the  Advancement  of  Science* 

After  having  been  engaged  on  this  work  for  some  time,  the  compiler 
obtained  a  copy  of  the  pamphlet  *'  Fragment  einer  Monographie  des 
Platins  und  der  Platinmetalle/'  by  C.  Claus.  This  was  published  in  1883 
by  the  St.  Petersburg  AcadSmie  des  Sciences,  from  papers  found  after 

[  Professor  Claus^  death,  which  had  occurred  more  than  twenty  years  be- 
fore. But  three  hundred  copies  of  the  pamphlet  were  printed  and  it  is 
very  rare.  Among  other  material  it  contains  a  quite  complete  biblio- 
graphy of  the  platinum  metals,  brought  down  to  18G1,  but  unfortunately, 
owing  probably  to  the  illegibility  of  the  manuscript^  it  auffei^  from  very 
many  errors.  It  is  a  critical  bibliography  and  hence,  owing  to  the 
author's  unique  knowledge  of  the  platinum  metals,  is  vei7  valuable. 
Much  of  the  work  on  this  Bibliography  has  been  done  in  the  Library 

^of  the  American  Academy  of  Arts  and  Sciences  and  in  that  of  the  Massa- 
chusetts Institute  of  Technology,  and  the  compOer  is  greatly  indebted  for 
the  facilities  offered  him  at  both  these  places.  Especially  valuable  waa 
the  assistance  rendered  by  Dr.  H olden,  the  Librarian  of  the  Academy, 
He  would  also  gratefully  acknowledge  the  aid  received  from  his  former 
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pupil,  Miss  M.  M.  Tevis,  from  Dr.  H.  Camngton  Bolton,  Pro* 
Norton  of  the  University  of  Cincinnati,  Professor  H.  P.  Tal 
Institute  of  Technology,  and  many  others  who  cannot  be  ei 
Dr.  Bolton^s  invaluable  Catalogue  of  Scientific  Periodicals  and 
Society  Catalogue  have  been  freely  used  and  of  great  help  in 
cation  of  data. 

Jas.  Lewie 

Washington  and  Lee  UnlTenity,  Lexington,  Va. .  * 

Deoember,  1896. 
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RUTHENIUM. 

1748-1896. 
BY  JAS,  LEWIS  HOWE, 


Dov  AxTONio  DK  Ulloa,  "  Relflcion  historica  del  viage  a  la 
[AiDericii  MeridioimL*'  Madrid,  1748.  (First  reference  to  plati- 
J^tiiii^  vol  U  lib.  vi,  cap,  x,  p.  C06.)  Pt, 

AVii.  Watsox  (and  W.  Brownrioo).     Several  papers  concern- 
***g  a  new  gemi -metal  called  platina.  Ft. 

tl*  Letter  en  closing  metal,  by  W.  Brownrigg,  p.  584. 
2,  HemoiiB  of  a  semi-metal  called  Platiiia  di  Pinto,  found  in 
I  the  Spanish  West  Indies^  p.  585. 

3.  letter  from  Watson,  p.  590. 
4-  Note,  p.  593  (incorrectly  paged  589). 
H.  Further  experiment,  by  Wm.  Brownrigg,  p.  594* 
PIliL  Trans.  Loudoiu  46  (1751),  584;  Phil.  Trans,  London,  Abridg., 
10  (1S09),  97. 
*•     T.  ScHEFFER.     (Properties  of  the  ore.)  Pt. 

HAndl*  Akad.  Stockholm,  14  (1751),  275. 
^*     Wm.  Lewis*     Experimental  examination  of  a  wbit*i  substance, 
^Ud  to  l>e  found  in  the  gold  mines  of  the  Spanish  West  Indies, 
told  there  known  by  the  appellation  of  Platina,  Platina  di  Pinto, 
Juan  Blanca,     (Solution,  alloys,  purification.)  Pt. 

PhJI.  TmnK.  London,  48  (175.5),  C:m;  50  (1757),  148:  Phil.  Traii?i. 
London,  Ahridg..  11  (1807),  97. 

*  1-    U. .  .  ,  [Macquer?]'    "La  platine,  For  l>lane,  on  le  buitieme 

niit.i*'    poT^^^  1758.     (Treatise  on  the  ore,  including  papers  of 

ler,  and  Lewis.)  Pt. 
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1758:  2.    Macquer  (and  Baume).     Sur  Tor  blanc  ou  la  platine.        Pt. 
Hist.  Acad.  Sci,  Paris,  1758.  51;  M€m,  Acad,  Sci.  Paris,  1758.  U% 

1761:  1.  A.  S.  Marggraf.  Versiiche  mit  dem  neuen  mineralischen 
Koerper  Platina  del  Piiito  genannt.  PL 

Marggraf ;  Chjmische  Schriften.  1, 

1774:  1.     G.  G.  L.  de  Buffon,     (Platinum  an  alloy  of  gold  and  iron,) 

Obs.  sur  phyB.  (Kozierj,  3  (1774),  324.  Pt. 

1774;  2»     Blonde au.     Lettre  (upon  platinum  as  an  alloy  of  gold  and 

iron  as  averred  by  Buff  on).  Pt. 

Obs.  sur  phys.  (Rozicr),  4  (1774),  154;  Chem.  Aim.  (Crell),  1786, 11, 

aa. 

1776;  1.  6.  DE  MoRVEATJ.  Lettre  k  Buffon,  anr  la  fusibility,  la  mal* 
16abilit4,  le  magn^tisme,  la  density,  la  cristallization  de  la  platine, 
et  son  alliage  ayec  Tacier.  Pt, 

Obs.  sur  phys.  (Ho/Jer),  6  (1775),  193. 

1776:2.     T.  Bergman.     { Fusibility  of  platinum.)  Pt. 

Obs.  sur  phys,  (Rozicr),  S«pt,  (1775). 

1776:  1.  J-  IxGENHOUSZ.  Easy  metbods  of  measuring  the  diminution 
of  bulk,  etc.,  together  with  e3q>eriraents  on  platina,  <  Magnetism, 
etc.)  Pt 

Phil.  Trans.  London,  66  (1776),  257. 

1777:  1.  G.  DE  MoRVEAU,  Maret,  and  Durande,  (Fusibility  of 
platinum.)  Pt, 

Elemens  de  Chymie  de  PAcad.  de  Dijon*  2  (1777),  153, 

1779:  1.  TiLLET.  Mdmoire  sur  le  moyen  de  disBoudre  la  platine  par 
Facide  nitreux.     (Solution  of  platinum  in  nitric  acid.)  Pt 

M€m.  Acad.  Sci.  Paris,  1779,  373,  3S5,  545;  HUt,  Acad.  ScL  Pa 
1779,  13;  Chem.  Ann.  (CreU),  1784,  i,  345. 

1779:  2.  AcHARD,  Leichte  Metliode,  Gefasse  aus  Platina  zu  bereiten 
(Fusibility  of  platinum  with  arsenic.)  Pt. 

Mem.  Akad.  Berlin  (1779);  Chem,  Ann.  (OeU),  1784,  i,  1. 

1780;  1.    T.   Bergman   (and   G.   db   Morveatj).    Opuscula   physico- 

chimica.     Platina,  voL  ii,  p,  166.  Pt. 

Opuscules  chymiques  et  physiques,  trad,  par  de  Morveau.     Dijonj 

1785.     Sur  la  platine  (with  many  comments  by  Morreau),  vol.  if, 

pp.  172,  418,  Pt. 

1782:  1.  Graf  vox  Sickingek.  Versuche  iiber  die  Platina.  Ueber- 
setzt  von  G.  A.  Suckoi^.    Mannheim,  1782.  Pt, 
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f  t    C.  P*  Wenzkl.     (Solution  of  platimim  in  aqua  regia  and  aflSn- 
tly  of  pktinum  chlorid  for  potash.)  Pt* 

Lehre  der  Verwoiid«chalt  der  Korpcr,  p.  175. 

h    B.    UE    j/lshE.     (CiystaUization    of    ammomum    platinutn 
dJorid.)  Pt. 

Baaml  d«  CHstaUographie,  2nd  edition,  I,  408. 

1 1,   L»  Cbell.     Einige  Versiiclie  mit  der  Platina  im  Poreellainofen. 
(0iiaclimekbar  wenn  rein,)  Ft, 

«ai.  Ann*  (Crell).  1784,  S,  328. 

1%    Gbaf  tok  SicKlxoEN.     (Haguetische  Kraft  und  Schmelzung 
'  d»  Plmttiid  dutch  den  electrischen  Schlag,)  Pt. 

X  Ing^nhouits,  Vermischie  Schriften  pliysisch.-med.  InbaUa.    2te 
AulL    Wlen.  1784,  i,  419;  Chem.  Ann.  (Crell).  1785,  ii,  372, 

|8w    0.  L,   L.  DE  BrFFOK.     (Platina  ein   Legining  Goldes  mit 
tmtn.)  Pt. 

Obs.  BUT  phys.   (Rozier),  1784,  252,  324,  417;  Chem.  Ann.   (Crell), 
17§4,  ij,  541. 

14*    TOK  MiLLY.     (Platina  ein  Legining  Goldes  nnd  Eisenfi  mit 
Qoeckailber.)  Pt. 

Ohm,  snr  phya.  (Eoxier),  1784,  252,  324,  417;  Chem.  Ann.  (Crell), 

1TS4,  U.  542. 
(Both  the  nbore  credited  also  to  Register  Acad.  Dijon.) 

L    G.  UE  MoHVKAU.  (Ueber  die  Verfertigung  von  Gerathschaften 

ttis  Plaiina).  Pt. 

NotiT*  Mim.  Acad.  Dijon,  1785,  i,  106;  Chem.  Ann.  (Crell),  1792,  i,  168. 

G.  DK  MoRVEAU.     Brief  (Platina  zn  Tiegeln  nicht  geeignet  da 
|Ton  Salpctter  angegrilTeTi*  und  zerstort  wird.)  Pt. 

Cbem.  Ann,  (CrcU),  17S6,  i,  157. 

12-    R.  L^LNDETANT.     Brief  (Platina  durch  starkes  Gliihen  nicht 
tialb  dtirchBichtig).  Pt, 

Cbeou  Ann.  (Crell),  1786,  ii,  14L 

G.  [vr.  ''^  ^«-f?].     BnlTon's  Hist.  nat.  des  mineraux,  vols, 

ad  3.     {:  id  Angabeu  das  Platina  eiiie  Misehuug  Goldes, 

Anetu  itnd  Eisene  seL)  Pt. 

~     ObtBi.  Ami.  (Cr«U),  1786,  ii.  371. 

6.  '.     Brief  (liber  Platina  Gefasse).  Pt, 
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1787:  2.     G»  de  Morveau.    Brief  (iiber  Platina  Gefaase),     (Platina  ara 

Tiegeln  sehr  geeignet  wenn  die  Platinflproduct  nicht  zu  einge- 
schrtingt  sei.)  Pt. 

Chem,  Ann.  (CreU),  1787,  il,  243. 

1788:  L    M.  R.  de  Celis.    An  account  of  a  mass  of  native  iron  found 
in  South  America.     (OcoiirTenee  of  Platina.)  Pt 

Phil.  Trans,  London,  78  (1788),  41. 

1789:  1.     T.  Willis.     (SchmelzTeigiiche  niit  KoUe  iind  Borax.)        Pt, 
J.  de  Phys.  35  (1789),  217;  Chem.  Ann.  (Crell),  1790,  i,  242, 

1790:  1.     A.  IL  Cdrtenovis.     Che  k  platina  Americana  era  nn  metallo 

conoscinto   dagli   anlichi    [etc.].     (Identical   with   " electrnm/') 

Bassano.  Pt. 

Ann*  d©  Chim,  12  (1792),  59  (RcTiew);  Chem.  Ann.  (CreU),  17«6,  i* 

166. 

1790:  2.    HiELM,    Union  du  platine  avec  Toxide  de  moljbdene  et  avec 
le  molyhdene.  Pt. 

Ann.  de  Chim.  4  (1790),  17. 

1790:  3.    Leonhabdi.    Brief.   (Konigsaure  Platina  Niederschlag  mit 
alkalische  Baumohleeife).  Pt 

Chem.  Aon,  (CreU),  1790,  ii»  127, 

1790;  4.    Lavoisier.     Observations    Bur    le    platine.     (Utilization    oF 
platinnm  for  vessels.)  Pt. 

Ann,  de  Chxm.  6  (1790),  137;  Chem.  Ann.  (CreU),  1792,  ii.  85. 

1790:  5.     Here  von  E.  (in  Paris).     Brief,  (Platina  Gefasse  in  Pari?  von 
Jeanty  billig  zu  kaiifen)*  Pt. 

Chem.  Ann.  (CreU),  1790,  ii,  53. 

1790:  6.    vox  Ruprecht.    Versnche.  iiber  die  metaUische  Natur  der 

Bitter-,  Kalk-,  iind  Kieselerde  [etc.].     (Schmelzung  der  Platina.) 

Chem.  Ann.  (Crell),  1790,  ii,  195.  Pt 

1790:  7.     VON  RiTPREOHT.     Ueber  den  Platinakonig,  und  damit  ver- 
wandte  Gegenstande.     (Schmelzung  der  Platina*)  Pt. 

Chem.  Ann.  (Crell),  1790,  H,  387. 

1791:  1.    Willie  and  Nojivel.    Experiences  snr  la  platine.    (Spedfie 
gravity.)  Pt 

Ann.  de  Chim.  9  (1791),  210. 

1791;  2.     vox  Born.    Neuere  Nachrichten  iJber  die  Metallization  der 

alkalischen  Erde.     (Fusion  of  platinum  by  von  Tihavaky.)         Pt. 

Chem.  Ann.  (Crell),  1791,  i,  3. 
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1    T.  Bbroman.    L'or  blanc  ou  platme  du  Pinto.     (Note  on 
occarrenee  from  ^'  Un  chapitre  de  la  g^ographie  physique/*)      Pt, 
J.  i!*?«  Milica  [3],  16  (1792),  25. 

t.    Prli^ktier.     Le  phosphuro  de  platine.  Pt. 

Aqo.  de  Chtm.  13  (1792),  105. 

J.  0.  L,  Bbrthollet  and  Pelletleh,  Eapport  fait  au  Bureau 
de  Consultation^  sur  lea  moyens  proposes  par  M.  Jeanty  pour 
tmirBiller  le  platine.  Pt. 

Amu.  de  Chim.  14  (1792).  20. 

1.  Haot.  Troisittme  extrait  du  traits  in6dit  de  min^ralogie; 
4me  claaae,  Substances  metalliqueg.  Pt. 

Supplement  (Plotine),    J.  des  Mines,  5  (An-  V)*  457  (Platine*  p. 
406);  5  (An,  V),  092, 

L    W.  A.  Lahpadius,    Vermisehte  chemische  Verauche.    (Alloy- 
of  platinum  with  gold  and  silver.)  Pt. 

Ctirm.  Arm.  (Crell),  17y0,  i,  219. 

L    A.  V.  MussiN-PuscHKiK,     Sur  le^  sela  et  pr^cipit^s  de  platine. 

lent  l)e§ondere  Yersuche  mit  der  Flatina.     (Ammonium  and  pot- 

inuin  platini-ehlorids.)  Pt. 

Ann-  de  Chim.  24  (1797),  205. 
€ti#iii.  Ann.  (CrcU),  1797,  i,  19!5. 

1    A.  V.  Mus8ix*Pr&cnKiN.    Sur  Tanialgame  du  platine. 
fodi  einige  Bemerkungen  und  Versuclie  iiber  die  Flatina.     (Plati- 
niun  amalgam  and  alloy  with  copper.)  Pt. 

Aan.  de  Chim.  24  (1797).  209. 
Qirm.  Awn.  (CreU),  1797,  ii.  20. 

L    D.  RiCHTER.     Beantwortung  der  von  Herm  A.  v.  Mussiu- 

PoBchkin  aufgeworfenen  Frage:  "  Wie  die  schnelle  Wiederher- 

^  r  Platina  durch  Quecksilber  aus  dem  Platlnasalz  bey 

r  -..,--  .u^'  defi  Amalgania's.  und  die  noch  viel  schnellere  Ver- 

kalkung  des  Queeksilbers  bey  der  Beriihrung  dea  Amalgama*s  mit 

Waseer  zu  erklaren  seye.'*  Pt. 

Cham.  Ann.  (CreH).  1797,  U»  202;  Ann.  de  Chim.  28  (1798),  206. 

p  4.    8,  T^CNAKT.     On  the  action  of  nitre  upon  gold  and  platina. 
(IViodrf  by  fa»ed  nitre.)  Pt 

rm.  Tnmn.  Loodon.  87  (1797),  219. 

le  quelques  propri^t^  du  platine, 
-  Ti   ilu    nlntine  au  mercure. — De 
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Famalgame  du  platine. — ^De  raction  du  muriate  ozig6ii£  de  p 

sur  le  platine. 

Ann.  de  Chim.  25  (1798),  1,  10,  12,  17;  Ann.  dcr  Phys.  (Gfl 
1  (1799),  369;  Allg.  J.  Chem.  (Scherer),  1  (1798),  971. 

1798:  2.     6.  de  Moryeau.    De  raction  du  nitre  en  fusion  but  . 
platine. 

Ann.  de  Chim.  27  (1798),  42. 

1798:  3.    A.  v.  Mxtssin-Puschkix.     Quelques  nouvellee  observatif 
experiences  sur  le  platine.     Alliage  avec  cuivre  et  argent. 
Ann.  de  Chim.  28  (1798),  85. 

1798:  4.    A.   v.  Mussin-Puschkin.    Bemerkungen  iiber  Titan- 
Chromium-Metall,  uber  Platina  und  einige  andere  (xegenst 
(Fusion  and  purification  of  platinum  with  potash  six  days.) 
Chem.  Ann.  (Crell),  1798,  li,  443. 

1798:  5.    A.  Rochon.     (Use  of  platinum  for  telescopes  and  in  the 
J.  de  Phys.;  Phil.  Mag.  2  (1798),  19, 170. 

1799:  1.    J.  L.  Proust.    Experimentos  hechos  en  la  platina. 
Experiences  sur  le  platine. 

1.  Des  corps  etranges  qui  se  trouvent  m^lds  au  platine,  p. 

2.  Du  separation,  147. 

4.  Du  soufre  mineralisateur  du  platine,  151. 

5.  D'oxidation  de  platine,  153. 

6.  Essais  de  Tacide  nitrique  sur  le  platine,  158. 

7.  Essais  de  Tacide  nitro-muriatique,  160. 

8.  Du  graphite  des  mines  de  platine,  161. 

9.  Sur  les  dissolutions  du  platine,  163. 

10.  Sur  les  dissolutions  du  platine  en  grande,  165. 

11.  Experiences  sur  la  poudre  noire,  168. 

12.  De  la  cristallisation  des  dissolutions  de  platine,  225. 

13.  De  la  composition  de  Tacide  nitro-muriatique,  pour  la 

lution  de  la  mine  de  platine,  232. 

14.  Dissolution  du  platine,  244. 

Madrid.  An.  Hist,  Nat.  1  (1799),  51. 

Ann.  de  Chim.  38  (1801),  146,  225;  PhiL  Mag.  U  (1801)«. 
(translation). 

1799:  2.     J.  Priestly.     Experiments  on  the  transmiflsiaarfl 
other  liquors,  in  the  form  of  vapour,  over  86nBtal;|i| 
hot  earthen  tube.     (Solution  of  platinum  ia 
Amer.  Phil.  Soc.  Trans.  5  (1802),  1. 
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L.  N.  VAugrELiN.     Erkennung  des  Kali  dureli   salzsauren 
I  PUtiim.  Ft. 

AUg.  J.  Chciu.  (Sehcrer),  3  (KOU).  438. 

N.    E.     Hbitoxatelm.      Versudi    iiber    die    Kobaltsiiure.      (In 
I  Fbtin&aulii(Bung  Iceine  Veninderung.)  Pt, 

A%*  J.  CbiMn,  (Scherer),  :i  (17f>9),  647. 

[Vk    A.   V.    Mrs«iN-PuscuKiN\     Vennischte    Bemerkungen    iiber 
I  di»  Ohromiiiin,  das  Salz  bey  der  Zorsetzuiig  dur  riatina-Amal- 
guna'ii  tmd  verwandte  Gegenstiinde.  Pt. 

Cli€ni.  Attn,  CCrell),  1799.  I  451, 

I  *i.    A.   V.   MrssiN-PuscHKix.     Einige    Bemerkungen    iiber   das 
P)i»ttua*iimalganiag.  Pt. 

C3koni.  Aiui.  (Crell),  1799,  ii,  :i, 

f.  A.  T.  MussiN-PuscHKix.  Einige  nenere  Versuclie  iiber  das 
Y\r"-  *■  T^lpaina;  neb^t  Bemerkungen  iibcr  die  Vervolstiindi- 
P'^  the  Tbatsncben.  Ft. 

Chem,  Ann.  (Crell),  ITUti,  ii,  359;  J,  des  Mines,  15  0^04),  198. 

^:  1  A,  T,  Mr?jj?iK-PrsrnKiN\  Ueber  zwey  nene  Platina-saize,  und 
'^ff  metalliscbe  Krvstnllization  derslt^ll^t^n.  (Sodinm  platini- 
r*iJ(TidB.)  Pt. 

fbem.  Ann*  (Crell),  1800,  I.  91;  J,  des  Mines,  15  ^1804),  199. 

'^'^'   8.Ten*xa\t.     Do  Taction  du  nitre  snr  Tor  et  le  platine.      Pt. 

J.dc  Fhys,  51  (1800),  157, 

•    — .     Experiments  performud  at  the  London  Philo- 

wphicil  Society.  (Fii&ion  of  platiBitm  by  oxygen  gas  on  diar- 
<«ri.)  Pt. 

PhU.  Ma^.  a  (1800).  264, 

'  ^*  H,  Kmoht.  a  new  and  expeditious  process  for  rendering 
t^'^  Uable.  Pt. 

i  4;.  r»  (laoo)p  I;  AUg.  J,  Chcoi,  (Scherer),  T  (1H01)»  2r», 

MrssiN-PrscuKix,    Eine  nene  Methode  die  Platina  zu 

Pt, 
«^ii  1.  (SchererK  4  (IhUO).  411;  Ann.  der  Phys,  (Gilbert), 

*  ,'  (from  Hamburgrcr  Unpartheiischer  Correspond  en  t, 

Kr.  a.i,  li»4>0). 

t  of  a  t^eriiM^  of  experimonth  undertaken 
III  rnurifttir  acid,     (Platinnm  black.)  Pt. 
I*lliLTmiML.  Lontj  m]^  188;  Ann.  de  Chlm.  43  (1802),  306; 

AsiLd^r  Pliy».  (imiihti^,  7  (1901>.  2C3, 
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1800:  7.     A.  EocHON.     Abhandlung  iiber  die  Platina  und  thre  Natz- 
barkeit  in  besonders  z\\  Spiegel-TeleBkopen.  Pt. 

Ann.  der  Phys.  (Gilbert),  4  (1800),  282. 

101:  1.     J.  L.  Proust.     Fails  detach eB  siir  le  platine. 

J.  de  Phys,  52  (1801),  409. 

t02:  1.     W.  Thomson.     (RegardiDg  a  platinum  mine.)  Pt 

X6velle  di  Letteratiira»  Scienze.  Arti,  e  Coirrmercio,  NapolL  Oct, 
28,  1802,  No.  IS"  Allgr.  J.  Chem.  (Scherer),  10  (iao:i).  570, 

1802:  2.    J.  CuTHBEHTSOX.    A  scries  of  experiments  npon  metals  with 
an  electrical  battery,  shewing  their  property  of  absorbing  oxigeo 
from  the  atmosphere  when  exploded  by  electric  discharges.     (Oxi- 
dation of  platinum.)  Pt, 
Nicliolfion^a  J.  5  (1802)»  136;  Ann.  der  Phys.  (Gilbert).  11  (1S02), 


411. 


3. 


Alloys  of  gold  with  platina. 


Pt. 


1802: 


1802: 


1802: 


1803: 


Phil.  Mag.  13  (1802),  405. 

4.  M.  VAN  I^Iarum.  Experiences  snr  la  oolonne  fileetrique. 
{Fusion  du  platine.)  Pt. 

Ann.  de  Chim.  40  (1602),  314;  Nicholson's  J.  1  (1803),  ITS;  Ann. 
der  Phys.  (Gilbert),  10  (1802),  121. 

5.  R.  Hare.  Accoimt  of  the  fueion  of  strontites,  and  the  vola- 
tilization of  platinum;  and  also  of  a  new  arrangement  of  appa- 
ratus. Pt, 

Amer.  PMl.  See.  Trans.  6  ^ISOO),  09;  PhiL  Mag,  14  (1802),  304; 
Ann.  de  Chkn.  45  (1802),  113;  GO  (1807),  81. 

6.  R.  Chexivix,  Analysis  of  conmdiim.  (Use  of  platinum 
crucibles  for  fusion  of  caustic  potash.)  Pt, 

Phil.  Trans.  London,  93  (1802),  337;  J.  de  Phys,  55  (1802)*  409. 

7.  M.  H.  Klaproth.  Anwendbarkeit  der  Plalina  zu  Verzie- 
riingen  auf  Porcellan.  Pt, 

All|?.  J.  Chem.  (Scherer),  9  (1802),  413;  Nicholson's  J.  7   (1804), 

286;  Phil.  Mag.  17  (1803),  135. 
[From  *^  Samnil  d.  deutsch.  Abh.  d.  k.  Akad<  d.  Wiss.  Berlin* 

1788-9,  12,  p.  160"?] 

1.     B.  Chexivtx.     Enquiries  concerning  the  nature  of  a  new 

metallic  substance  lately  sold  in  London,  as  a  new  metal,  under 

the  title  of  palladium.  Pd. 

Phil.  Trans.  London,  03   (1803).  2U0;  Ann.  de  Chlm,  47   (1803). 

151,  192;  J.  de  Phys.   57   (1803),  127,  217;  N.  allg.  J,  Chem, 

(Gehlen),  1  (1803),  174;  Nicholson's  J,  7  (1804),  S5*  176;  Froc, 
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Boy.  S(X!.  London.  1  (1832),  121;  Bibl.  Brit.  23  (1803),  384;  24 
(isa;0,  32  (in  fuJl);  J.  des  Miwfs.  14  (IS03).  372:  Ann.  der  Fhy». 
(Om>ert),  14  (1803),  241;  J.  phys.  Chim.  (Van  Mons).  No.  U, 
Sept. 

!  1    B.  CHExmx.    Uannotmce  d'un  nouveau  m6tal,  palladium. 
And.  de  China.  4C  (1S03),  333,  Pd,  Pt 

R,   Chkxitix.     Palladiivni   compost^   de   platin    et    mercure, 
Ann,  de  Chim.  4<J  (1«03),  336.  Pd,  Pt. 

:  L    ,     Some  account  of  a  pretended  new  metal  offered 

for  «ile,  and  examined  hy  Richard  Chenivix,  Esq,  Pd,  Pt. 

Xiciiokon'a  J.  5  (ISOU),  136. 

I.    .   Note  enr  iin  nouveau  mStal  (palladium).  Pd,  Pt. 


^  des  Mlnea,  14  (Ann.  xi),  24 0«  320, 

1    J.  B.  Richter.     Beyirag  zu  Ilerni  Clienivix's  Abhandlung 
fiber  daa  Palladium.  Pd,Pt. 

K,  ailfi-.  J.  Cbem,  (Gehlen).  1  (1803).  M7:  Ann.  de  Chim,  52  (1804), 
17;  NichoUon'9  J,  11  (1805)»  61. 

7.  V,  Rose  and  A.  F.  Gehlen.     Priifende  Verhandlimgen  Uber 
daa  Ton  Chenivix  ktinstiich  nacbgemachte  Palladium,         Pd,  Pt. 

X.  allir.  J.   Cheni,    (Gehlen)^    1    (Ikco),   nsw;   Ann,   de   Chim,   :»2 
(1801).  5;  KichoUon'a  J,  U  (1805),  61. 

8.  L.  N.  VAuquBHW     Palladinm  ou  nouvol  argent.     (Proper- 
lici  and  reactions.)  Pd. 

Ann.  de  Chim.  4t5  (iso:^).  r>ai. 

<►.    A.    R    FoDROROY    and    L.    N.    Vauqelin,    Extrait    d'nn 

m^uinire  snr  le  platine.     (Reactions,  showing  impurity  [Ir?].)  Pt. 

Ann.  de  China.  48  (1803),  177;  Ann.  Mub,  Nat,  d*mst.  Nat,  3  (1803), 

14^;  X.  all^.  J.  Chem.   (Gehlen),  2   (1804).  269;  Phil.  Mag.  19 

(1804),  117;  J.  de  Phyci.  &7  (1803)«  450. 

M.    n.  V.  Collet-Dkscutils.     Notice  aur  la  cause  des  couleurs 

iiff^iits  qu'aflfectant  certains  sels  de  platine*     (Red  and  yellow 

cUorida;  two  states  of  oxidation    [iridium  probably   present],) 

J.  des  Mines,  15  (1803),  46;  Ann.  de  Chim.  48.  Pt  [Ir?]. 

(1S03).  153:  N.  allg,  J.  Chem.  (Gehlen),  2 

(1804),  73;  J.  de  Phys.  57  (1808),  384;  Nicholson's  J.  I   (1804), 

118. 

IL    0.  DE  MoRVEAQ.     Pyromt^tre  de  platine.  Pt, 

Ann.  de  Chim.  46  (1&03),  276:  Nicholson's  J,  6  (1803),  89. 

^4    6.  DB  MoRVEAtT.    SuT  I'alliage  de  Tor  avec  le  platine.      Pt* 

Ann.  de  Chim.  47  (1803),  300. 
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Allg.  J.  Chem.  (Scherer),  6  (1803),  134;  J.  des  Mines, 
15  (1803),  195;  Chem.  Ann.  (Crell),  1799,  i,  452. 

1803:  14.  Strauss.  Bemerkungen  iiber  das  Platina-Ai 
(Method  of  coating  copper  with  platinum.) 

J.  der  Pharm.  (Trommsd.),  11  (1803),  18;  Ann.  dcr  F 
bert),  24  (1806),  402;  Nicholson's  J.  9  (1804),  303. 

1803:  15.    A.  Tilloch.     On  Pepys'  experiment.     (Fusion  of 
by  the  galvanic  current.) 

Phil.  Mag.  12  (1803),  96. 

1804:  1.     R.  Chenivix.    Ueber  Palladium  (not  an  alloy). 
Ann.  der  Phys.  (GUbert),  17  (1804),  115. 

1804:  2.  R.  Chenivix.  Respecting  the  new  metal  contained 
platina. 

Nicholson's  J.  7  (1804),  117. 

1804:  3.    .     Reward   of   £20   for   artificial    prodi] 

palladium. 

Nicholson's  J.  7  (1804),  75,  159. 

1804:  4.  J.  Hume.  On  the  supposed  new  metal  lately  discc 
platina. 

PhiL  Mag.  19  (1804),  29. 

1804:  5.     J.  B.  Trommsdorff.     Ueber  Chenivix's  Palladium. 
N.  allg.  J.  Chem.  (Gehlen),  2  (1804),  238. 

1804:  6.    A.  v.  Mussin-Puschkin.     Ueber  Palladium,  Chrom 
eine  neue  Yerfahrungsart  das  Platin  zu  Schmieden. 
N.  allg.  J.  Chem.  (Gehlen),  3  (1804),  450. 

1804:  7.    A.  v.  Mussin-Puschkin.    Renseignements  sur  le  p 

J.  Chim.  (Van  Mons),  6  (1804),  229. 

1804:  8.  A.  P.  Fourcroy  and  L.  N.  Vauquelin.  Exp^iienc 
platine  brut,  sur  Fexistence  de  plusieurs  m^taux,  et  d^iii 
nouvelle  de  m^tal  dans  cette  mine.  (In  platinum  are  t 
Cr,  Cu,  Fe,  and  a  new  metal,  Ir.  Description  of  pitqj 
iridium.) 

Ann.  de  Chim.  49  (1804),  188,  219;  50,  5;  N.  allg.  J.  GhCBL 
3  (1804),  262. 

1804:  9.  A.  F.  Fourcroy.  Premier  r&ultat  dee  noitvdkt  ^ 
sur  le  platine  brut,  et  annonce  d'un  nouveaa  mtM^^i^ 
cette  espdce  de  mine. 

Ann.  Mus.  Nat.  Hist.  Paris.  3  (1804),  im 
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;  Id,    A.  P.  FouBC^OY*    Notice  d'lme  suite  de  rechercbes  sur  le 
nonreaw  mMa]  qui  exieto  dans  le  platine  brat,  Pt,  Rh. 

Ann.  Mua.  Nut.  Hist.  Paris*  4  (1804),  ?7. 

i:  It    H.  V,  (.-0I4,eT'De8C0T1ls,     (New  metal  in  crude  platina.) 
NieboUon'«  J.  7  (IfiOi),  76;  from  **  J.  d,  Chiin.*'  Pt,  Rh(?). 

11.    S.  Texkaxt.     On  two  metals  foimd  in  the  black  powder 

'ffT  the  solution  of  platina.     (Separation,  properties 

f  iridium  and  osmium,  includinpr  osmium  amalgam, 

p.  418.)  Pt,  Ir,  Os. 

PblU  Traus,  London,  94   (1804),   411;  l^oc.  Roy.  Soc,  London,   1 

(1M32>.  Un:  AiiD.  de  Chim.  52   (1804),  47;  Anti.  der  Phys.   (Gil- 

btrt),  li»  (1805),  118;  J.  de»  Mines,  18  (1804-5),  81;  J.  de  Phya. 

S9  (IfMW),  97;  N.  ftllg.  J.  Chem.  (Gehlen),  5  (1805),  166;  Nichol- 

ton*8  X  n  (1S04),  220;  10  (1805),  24;  PhlL  Mag,  20  (1805),  162; 

BibL  Urit.  27  (1804).  51  (in  full). 

;  18.    W.  H*  WoLLASTOX.     On  a  new  metal  found  in  crude  platina. 
(Discovery  of  rhodinm  with  its  properties.)  R,  Rb. 

PhiL  Trans.  London,  1»4  (1S04),  419:  Proc.  Roy.  Soc.  London,  1 
(18:42),  U2i  Ann.  d,  Chini.  52  (1804),  51;  J.  des  Mines,  18  (1805), 
91;  Nichoiarin*!!  J.  10  (1805),  .14;  N.  allg.  J.  Chem.  (Gehlen).  5 
{\§m),  175:  PhiL  Majf.  20  flS05>,  lrt«:  21  (1805),  89;  Bibl.  Brit. 
Aug.  1^04. 

14.    8.  Tenxaxt  and  W.  H.  Wollaston.     (Note  on  examination 

ol  crude  plat  ina.)  Pt,  Ir,  Oe,  Bh. 

Bui.  dcK  Scirnceei,  00  (1S04),  234;  ??icho1«oii'B  J.  11  (1805),  59. 

U*    A.  V.  MtrssTX-PtJSCHnx.     Notes  sur  le  platine.  Pt, 

J,  dc«  Minc*a,  15  (1804).  195. 

18.  A.  T.  Mrssix-PcscHKlN.  Method  of  pn/fiariiig  rtmlleuble 
flatioA  and  triple  muriatic  salts  of  platina.  (Barium  and  mag- 
MiiiEiii  platino-chlorida.)  Pt* 

Xiehoboirn  J.  9  (1804),  65;  Ann.  d.  Cbim.  64  tl»05).  220:  Phil. 
Mug.  20  (1805),  76. 

17-    J,  L.  PiiotTST.     Sur  le  platine  noir,  Pt. 

Ijin,  d.  Chlro.  49  (1804),  177:  J,  fiir  Chero-  (Gehlen),  1  (IRO^),  347. 

(\  L,  Berthollet.  On  the  difference  between  effects  of 
'icily  and  of  heat.  (Platinum  little  heated  by  discharge.)  Pt, 
XleholJiDiili  J.  S  (lfi04),  HO. 

'  W,    AjciCTTfl.     Note  n^pecting  suspension  of  zinc  in  hydrogen 
ind  ^'  -n  and  fusion  of  platinum  wire.  Pt. 

24, 
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1804:  20.    J.  W.  Ritter.    TJeber  den  Galvanismus.     I.  Ueber  die  Stelle 
des  Palladiums  iind  anderer  Metallgemische  in  ihr,  Pd. 

Ann,  der  Phya,  (Gilbert),  16  (1804).  293. 

1805:  1*     H.  Chenivix.     On  the  action  of  platina  and  mercury  upon 
each  other.  Pt,  Pd. 

Phil.  Trans.  London,  95  (1805),  104;  Proc.  Roy.  Soc.  London,  1 
(1832),  175:  Ann.  d.  Chim.  66  (1808),  82;  N.  allg.  J.  Cbem, 
(Qehlen),  6  (1806),  696;  Kicholaon's  J,  11  (1605),  162;  Phil*  Mag. 
22  (1805),  26,  102. 

t05:  2.     W.  H.  WoLLASTON.     Letter  concerning  palladium.  Pd. 

NicholBon's  J.  10  (1805),  204. 

f05:  3.     W.  H.  WoLLASTON.     On  the  dificoveiy  of  palladium^  with 
observations  on  other  subetances  found  with  platina. 

1.  Ore  of  iridium,  p.  316.  Pd,  Pt,  Ir,  Os,  RIl 

2.  Hyacinths,  318. 

3.  Precipitation  of  platinum,  319. 

4.  Deposition  of  palladium  and  palladium  amalgam,  322. 

5.  Reasons  for  thinking  palladium  a  new  metal,  324. 

6.  Additional  properties  of  palladium,  326. 
Phil.  Trans.  London,  95   (1805),  316;  Proc.  Roy.  Soc.  London,  1 

(1832),  207:  Ann.  d.  Chim.  61  (1807),  89;  Bibl.  Brit.  28  (1805),  230; 
J.  fur  Chem.  (Gehlen),  1  (1806),  231;  J.  des  Mines,  21  (1807), 
131;  Nicholson*s  J.  13  (1806),  117  (in  fnll);  PhiL  Mag.  22  (1805), 
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272. 


4. 


Palladium  for  sale  (note). 


Pd. 


Nicholson's  J.  11  (1805),  304, 

S05:  5.     [Q\  L.  Berthollet.]     Sut  le  palladium.     (Letter  regarding 
origin  of  the  epecimeus.)  ,Pd. 

Ann.  d.  Chim,  54  (1805),  198, 

iOB:  6.     IT,  V,  Collet-Desootils.     Sur  le  rhodium  et  le  palladiinn. 
J.  des  Mines,  18  (1605),  IR.'S.  Rh,  Pd. 

a05:  7,    A.  TiLLocH.    Note  on  new  metal  in  platina.     (Rhodium.) 

Phil.  Mag,  21  (1805).  ISg,  Hb,  R. 

1805;  8.    A.  Tilloch.     A  new  process  for  rendering  platina  malleable. 

Phil,  Mag.  21  (1R05),  17.5.  Pt. 

1805:  9.     L.  W.  Gilbebt.     Ueber  die  neuen  Metalle  in  der  Platina  und 
iiber  das  Palladium.  Pt,  Pd,  Ir,  Os,  Rh. 

Ann-  der  Phys.  (Gilbert),  19  (1805),  120. 

1805:  10.     [L.  W.  Gilbert?]     Zusatz  die  neu  entdeckten  Metalle  in  der 
Platina  betreffend.  Ir,  Da. 

Ann.  der  Phys.  (Gilbert),  19  (1805),  254. 
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IL  [Ai  P,  Gehlek?]  Beytrage  zur  Geschichte  der  neuera  Un- 
tfmidi '  ' 'er  die  Platina.     (Review  of  Wollaston,  Nicholson, 

Cbeniv  mt,  etc.)  Pt,  Pd,  Ir,  Os,  Eh. 

N.  allf.  J.  Cbenw  (Gehlen),  4  (1M05)»  219. 

:  1^.    A-  F-  Gehlen,    Einige  Benierkungen  iiber  das  Palladium. 
K.  mllg,  J.  Chem*  (Gehlen).  5  (1805),  234.  Pd. 

;  18.  J.  Stodart.  Pi^cipitation  of  platina  ae  a  covering  or  de- 
ffwe  to  polished  steel,  and  also  to  brass.  Pt, 

Nicholson**  J.  11  (1805),  282;  Ann.  der  Phys.  (Gilbert),  24  (1806), 
IIT. 

L  Lu  N*  VAuguELiv.  Sur  Texistence  du  platine  dans  les  mines 
d^trgent  de  Guadalcanal  en  Estramadnra.  Pt. 

Axin.  d.  Chlm.  m  (1S0<$),  317;  Ann.  der  Phys,  (Gilbert),  24  (1806), 
406;  2^  (1S07),  200;  J.  liir  Chem.  (Gehlen),  2  (180€),  694;  Nichol- 
son's J.  1?  (1S07;,  128  (in  full);  PhU.  Magr.  27  (1807),  335;  29 
(1807),  278;  M^m.  fie  I'liist,  Paris,  1S07,  Sem.  1,  280, 

1    C<  F,  BucHOLE.     (Ore  of  platinum.)  Pt, 

Aead.  Scien.  Erfurt.  Mar.  4,  1806;  Nicholson's  J.  15  (1806),  337. 

8.  A-  F.  FoiTBCROT  and  L.  N.  Vauquelix,  Notice  sur  les  pro- 
prills  compari&es  dans  quatre  m^taux  nouvellement  decou verts 
dam  le  platine  brut.  (Histor)^  of  discovery  of  the  platinum 
metaU.)  Pt,  Pd,  Ir,  Os,  Bh. 

Aim.  Mus.  Nat.  Hist.  PaHe,  7   (1806),  401;  Uem.  de  rinstitiit, 

Paris,  6   (ISOtJ),  565;  Amu  d.   Phys.   (Gilbert),  24    (isoe),  201>; 

Nicholson's  J.  15  (1606),  328;  J.  fiir  Chem,  (Gehlcu),  2  (1806), 

fl72;  PhlL  MHg.  26  (1807).  370. 

.1.  B.  Ti  I .     Boitrnge  zu  den  neuesten  Untersuch- 

QAftti  des  r>  I  nnd  Bestiitignng  der  darin  neuentdeckten 

Metalle:  des  Osmiums,  Iridiums,  Hhodiums  und  Palladiums. 

J.  d«r  Pharm.  (Troramsd.),  14  (1806).  3.  Pt,  Pd,  Ir,  Os,  Rh. 

&.    L.  W.  GiLRKRT.     Einige^  zur  Geschichte  des  Palladiums,  aus 
Briofen  and  Aufeiitzen  der  Herm  Chenivix  iind  Wollaston*      Pd. 
Aaa.  der  Phys.  (Gilbert).  24  (1806),  220. 

8.     '  ,     Xote    gur   un    chalumeau    hydrostatique.     (Hare's 

tl      ,  ^.     nd  fusion  of  platinum.)  Pt. 

Aan.  d.  Ghim.  60  (1806),  81. 

1.    H.  V,  CoLLET-DrscoTiLS.    Notc  sur  la  purification  du  platine. 

(Vetting  ore  with  zinc.)  Pt. 

Mim.   Phys.  Chlro.  de  la  Soc.  d'ArcueiU  1   (1S07),  370;  Ann,  d. 

4:  Ann.  der  Physu  (Gilbert),  27  (1807),  2.11: 

en),  5  (ISOS),  321;  Phil,  liiug,  37  (1811),  63, 
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1808:  1.  H.  V.  Collet-Descotils.  Ueber  ChenivLT's  Qued 
platin.     (Letter  to  Gehlen.) 

J.  fur  Chem.  (Gehlen),  7  (1808),  195. 

1808:  2.  C.  L.  Berthollet.  Sur  des  experiences  de  M.  Chenivi 
M.  Descotils  sur  le  platine. 

Ann.  d.  Chim.  67  (1808),  86;  J.  fiir  Chem.  (Gehlen),  7  (18 
Nicholson's  J.  25  (1810),  65. 

1809:  1.  W.  H.  WoLLASTON.  On  platina  and  native  palladiui 
Brazil. 

Phil.  Trans.  London,  99  (1809),  189;  Proc.  Roy.  Soc.  Lo 
(1832),  330;  Ann.  der  Phys.  (Gilbert),  36  (1810),  303; 
son's  J.  25  (1810),  18;  Phil.  Mag.  33  (1809),  250;  35  (181 
Bibl.  Brit.  44  (1810),  232. 

1809:  2.  J.  Cloud.  An  account  of  experiments  made  on  pal 
found  in  combination  with  pure  gold  (from  Brazil). 

Trans.  Amer.  Phil.  Soc.  6  (1809),  407;  Ann.  der  Phys.  (( 
36  (1810),  310;  Ann.  d.  Chim.  74  (1810),  99;  Nicholson 
(iai2),  137;  J.  fiir  Chem.  (Schweigger),  1  (1811),  362. 

1809:  3.  J.  Scott.  On  the  superiority  of  platina  for  making  tl 
dulum  spring  of  watches. 

Nicholson's  J.  22  (1809),  148. 

1809:  4.  G.  de  Morveau.  M6moire  sur  la  tenacity  des  m^taiix  d 
(Tenacity  of  platinum.) 

M^m.  de  I'Inst.  Paris.  1809,  267;  Ann.  d.  Chim.  71  (18C 
Ann.  der  Phys.  (Gilbert),  34  (1810),  209;  Nicholson's  J.  2< 
102. 

1809:  5.  J.  6.  Children.  Experiments  performed  with  a  i 
asceri;ain  the  most  advantageous  method  of  constructing  a 
apparatus.     (Fusion  of  platinum  wire,  etc.) 

Phil.  Trans.  London,  99  (1809),  32;  Ann.  der  Phys.  (Gilh 
(1810),  366;  J.  fur  Chem.  (Schweigger),  1  (1811),  374. 

1810:  1.     G.  de  Morveau.     Sur  la  mine  de  platine  de  Saint-Don 
Ann.  d.  Chim.  73  (1810),  334;  Ann.  der  Phys.  (Gilbert),  36 
(1810),  301;  Nicholson's  J.  31  (1812),  77. 


1810:  2.     Percy.     Sur  du  platine  trouv6  a  Saint-Domingne 
Ann.  d.  Chim.  74  (1810),  111. 

1810:  3.     L.  X.  Vauquelix.     Analyse  du  platine  trouvfi 
ingue. 

Ann.  Mus.  Nat.  Hist.  Paris.  15  (1810),  317;  > 
bert),  36  (1810),  357;  Bui.  d.  L  Sc.  d.  L  CMn 


*^ 


lOGRAFHT  OF  METAtS   OP  THK    PLATINTM  OBOrP 


25 


i    H-  Davy.     Hos4»arehes  an  the  oxjanuriatic  acid,  its  nature  and 

rtrtnhinationn,  etc,     {Action  of  platinmn  on  aqua  regia.)  Pt. 

PbiL  Tmns.  London*  100  (1«I0),  243;  Ann.  d.  Chim,  76  (1810),  134; 

J,  fiir  Chem,  (SchweijBrirt*r),  3  (ISll),  110;  BiUL  Brit.  45  (1810), 

22»;  Ann.  der  Phys.  (Gilbert). H\J  (IHll),  3;  BrugTaatelli,  Giornale^ 

i  (1*411),  129;  J*  ae  Phys.  71  (1«10),  326. 

L   .    Fusion  of  iridium  and  osmium  at  the  Royal  In- 

Hitttlion.    (Note  on  leetiire.)  Ir,  Os. 

PhlL  Mag,  35  (ISIO),  463, 

1  A.  F.  Gkhlen.  Platinum  und  Palladium  in  Brazilien  und  St. 
Domingo  gielunden,     (Resume.)  Ft,  Pd,  Rh,  Ir,  Os. 

J.  fiir  Chcm-  (Schw«*igger),  1  (ISll).  302, 

1  A,  VON  florBOLDT.  Essai  iioliiirjue  but  le  royaume  de  la 
!f(raTelle-Eapagne,     (Sur  les  mines  du  Mexique.)  Pt, 

3,  dm  Mines,  29  (ISU),  101. 

3.  n.  Davy.  Elements  of  elieniicfll  philnsr^phy.  (Expansion  of 
platinum  and  |ialladinm,  melting  at  platinum  in  electric  light, 
(mis  of  platinum  and  palladium  and  sulfid  of  palladium,)    Pt,  Pd. 

J,  fftr  Chem.  (Schwcire*^r),  8  (18i;i).  3ao,  342;  Phil*  Mng.  40  (1812), 
442. 

4,  H.  Davy.  On  some  of  the  combinations  of  oxyrauriatic  gas 
Mifloxygene.     (Action  of  alkalicii  on  ploiinum.)  Pt. 

PhiJ.  Traill.  £/OndoD,  101  (1HJ1>.  l;  Proc,  Roy,  Hoc,  London,  1 
(1*132).  385;  J.  fur  Chem.  (Schweisrjsrt-r).  3  (1811),  20^,  212,  232; 
Ann.  d.  Chiro.  78  (ISll),  29H;  79  flHii),  5;  Ann.  der  Phys.  (Gil- 
Wn).  39  (IHll),  43:  J.  de  Phy».  72  (IJ^ll),  358;  Nicholson *s  J. 
JH»  (1611),  222. 

I  C.  DE  MoRVEAC.  De  la  platiniire  et  du  double  on  plaque  de 
platiae,     (Plating  with  platinum.)  Pt. 

AniL  d.  rhim,  77  (isiij.  297;  J.  des  Mines,  20  (1811),  392;  Niehol- 
iati*»  J.  30  (1N12),  292;  Bnignatelli,  Giornate.  4  (1811),  35ti. 

•'HE.   Chevrbhl.     Recherches    chimiques   aur   le    bois   de 

('«Qi)HH*hc,     (l*n*cipitation  (»f  alhumen  by  iridium  chlorid.)      In 

Ann.  Mus.  Nut.  Hist.  Paris.  17  (liJll),  339;  J.  fur  Chem.  (Sehwi^ig* 

g(?r),  H  (1813),  290;  Ann.  d.  Chim.  81  (1H12),  158;  Bull,  de  P»i«rin. 

:i  (181 1),  546;  Ann.  der  Phys.  (OilWrt),  42  (1S12)»  145. 

■  1.  P.  ,!••--"  Experiments  which  prove  platina,  when  roni- 
kiM  V,  ;uid  silver,  to  l>e  eolulile  in  nitric  acid.  Pt. 

\%\L  Ma^.  40  (1§U).  3. 

'>Ti  the  combinations  o{  sidphur  and  phofiphonis 

Pt. 
PWI.  Hmff,  %0  (leU),  m  J.  ii\f  Chem,  (Schweigger),  10  (1814),  sa 
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1812:  3.    E.  Davy.    On  some  new  combinationB  of 
With  sulfur,  p.  209. 

With  phosphorus,  oxygen,  chlorin,  ammonia^  ] 
With  sulfuric  acid,  potassium  sulfate,  sodiv 

350. 
Fulminating  platina,  p.  361. 

PhiL  Mag.  40  (1812),  209,  263,  350. 

1812:  4.    J.  J.  Bebzelius.     Forsok  till  ett  rattfai 
retiskt-chemiska  asigter.     (Oxids   and  sulfids 
metals.) 

Kong.  Vet.  Acad.  HandL  Stockholm,  33  (1813), : 
of  PhiL  (Thomson),  3  (1813),  252,  353;  5  (1815)^ 
(Schweigger),  7  (1813),  55,  66;  Ann.  d.  Chilli. 
87  (1813),  126,  138. 

1813:  1.    L.  N.  Vauquelix.    Memoire  sur  le  palladium^ 
(History,  separation,  properties,  compounds.)     (I 
the  history  of  palladium.) 

Ann.  d.  Chim.  88  (1813),  167;  Ann.  of  PhiL 
216,  271,  308;  5  (1815).  21;  J.  fiir  Chem.  (Sch¥ 
265;  Phil.  Mag.  44  (1814),  33;  Brugnatelli,  OUmt 
221. 

1813:  2.    Leithner.     (Process  of  rendering  platinum  maSh 

Ann.  of  Phil.  (Thomson),  5  (1815),  20. 

1813:  3.     A.  F.  Gehlex.     Ueber  ein  neues  Verfahren  dm 
Verarbeiten  geschickt  zu  machen. 

J.  fiir  Chem.  (Schweigger),  7  (1813),  309. 

1813:  4.    J.  S.  C.  Schweigger.    Ueber  Leithner's  VeiCi 
zum  Verarbeiten  geschickt  zu  machen. 

J.  fiir  Chem.  (Schweigger),  7.(1813),  514. 

1813:  5.    W.  H.  Wollastox.    A  method  of  drawing  ei 
wires. 

PhiL  Trans.  London,  103  (1S13),  114;  Proc  Roy.  8l 
(1832),  455;  Ann.  of  Phil.  (Thomson),  1  (1813),  J 
Phys.  (Gilbert),  52  (1816),  284;  Bibl.  Brit,  [2],  1  (II 

1813:  6.     [K.  A.]  Neumann.     Bemerkungen  iiber  PUtiqg 
J.  fiir  Chem.  (Schweigger),  9  (1813),  213. 

1813:  7.    A.  Marcet.     On  an  easy  method  of  procuring  • 
heat. 

Ann.  of  Phil.  (Thomson),  2  (1813),  99;  J.  fur  Clm  '' 
11  (1814),  45;  Brugnatelli,  Giomale,  7  (1814).  tl 
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1813:  8.  F.  C.  Vooel.  Beitrage  zu  der  Lelire  von  den  bestimmten 
ohemischen  Mischungs-Verhaltnissen.  (Oxids  of  platinum  and 
palladium  and  platinum  amalgam*)  Ft,  Pd. 

J.  fiir  Chem,  (Schweigrger),  7  (1813),  188. 

1814:  1.    L.  N.  Vauquelin.     M^moire  sur  Firidium  et  but  Fosmiiim, 

(History,  obtaining,  properties,  compounds,  alloys.)  Ir,  Os,  Ft. 

Ann.  d.  Chim,  89  (1814),  150,  225;  J.  fur  Chem.  (Schweigger),  24 

(1818),  21;  Ann.  of  Phil.  (Thomson).  6  (1815),  433;  Hermbstadt, 

Museum.  6  (1815),  83. 

1814:  2.     L.  N.  Vauquelin.     Surle  palladium  et  le  rhodiimi.     Pd,Eh. 
J,  des  Mines,  35  (1814),  141,  from  Xoov.  BuL  des  Sc;  J,  fiir  Chem. 
(Schweigger),  12  (1814),  2*35;  Ann.  of  Phil,  (Thomson),  4  nsi4>. 
216,  271;  Phil.  Mag.  44  (1814),  33. 

1814:  3.  A.  Latjgier.  NouTelle  mani^re  de  retirer  rosmium  du  platine 
brut.  Os. 

Ann,  d*  Chim.  89  (1814)»  191;  J.  fiir  Chem.  (Schweigger)»  19  (1817), 
70;  PhU.  Mag.  44  (1814),  51. 

1814:  4.  L.  N,  Vauquelin.  Experiences  sur  le  muriate  d'iridium  et 
de  potasse.  Ir. 

Ann.  d.  Chira.  90  (1814).  260. 

1814:  5.     R,  L.  RirHi*AND.     Beitrage  zur  Geschichte  dcs  loda.     (Ver- 

bindung  des  loda  mit  Platin.)  Pt, 

J.    fur    Chem.    (Schweigger),    11  (1614),    137;    Miinchen.    Denk- 
achrilten,  1814-15,  151. 

1814:  6.  J.  S.  C.  ScHVTEiGGER.  Amalgamiren  des  Platins  mittelst  des 
electrischen  Stromes.  Pt. 

J.  fiir  Chem.  (Schweigger),  12  (1814).  224. 

1814:  7.  J.  P.  J.  D'Aecet.  Kote  sur  I'eesai  des  alliagea  de  platine  et 
d'argent,  Pt. 

Ami*  d.  Chim.  80  (1814),  135. 

1814:  8.     W.  A,  LAiiPADius.     Legirung  des  Nickels  und  Platins.       Pt. 
J.  fiir  Chera.  (Schweigger).  10  (1814),  175;  Ann.  of  Phil.  (Thom- 
son), 5  (1815),  61. 

1814:  9.  J.  W.  Dobebeixer.  Ueber  Platinagefasse  (besonders  in  Paris 
zu  chemischem  Qebraucbe  verfertigte)  und  Bemerkungen  iiber 
das  Verhalten  der  Salpetersauren  Alkalien  gegen  Platin  imd  iiber 

tli.  Pt, 

J.  fiir  Chem,  (Schweigger),  10  (1814),  217. 
J0RT8.    Ueber  Verfertigung  von  Platingefassen,  Ausbesser- 
g  Bchadliaft  gewordener,  und  iiber  eine  Gedachtnissmiinze  aus 
iliu  auf  den  Sieg  bei  Leipzig.  Pt. 
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18H:  11.     ScHOLZ.     Ueber  PlatinaTerarbeitiing.  Pi. 

J.  fur  Chem.  (Bchweigrger).  12  (1S14),  349. 

1815:  1.  L-  N.  Vau^ielin.  Note  sur  la  maniere  d*olitenir  le  muriate 
ammoniaco  de  rhodium,  reguliereiiient  cTistallis6.  Rh. 

Ann,  d*  Chim,  93  {1815),  204. 

1815:  2.  J.  G.  Childhen.  Experiments  with  a  large  voltaic  battery. 
(Fusion  of  platinum,  &c.)  Pt»  Ir,  Os. 

PhiJ,  Trans.  London,  105  (1815),  363;  Ann.  d.  Chim.  96  (1S15),  ISO; 
Bnignatelli*  Giomale,  9  (1816),  282;  Ann<  der  Phya,  (Gilbert), 
53  (1S16),  :i53;  J.  fiir  Chem.  (Sehweig-^er),  16  (1816),  355. 

1816:  1.     C.  RiDOLFi.     (Purification  of  platinum.)  l*t. 

Giornale  di  Scienza  ed  Arti   (Firenma);  Quart.  J.  ScL  1   (Hl«), 

259;  Ann,  of  Phil  (Thomson),  7  (1817).  29;  13  (1819),  70;  J.  fur 

Chem.   (Scbweiirger),   24   (1818),  439;  PbiL  MoLg.  4S   (1616),  72; 

53  (1819),  68;  BibL  Brit.  [2],  2  (1816).  73. 

1816;  2.  CuAUDET.  Memoirs  sur  quelqnes  experiences  tendantes  k 
determiner  par  la  eoupellation  .  .  ,  le  titre  exact  d"un  Ungot  con- 
tenant  de  Tor,  du  platine,  de  I'argeiit  et  du  cuivre.  Pt. 

Ann.  ehiin.  phys.  2  (1816),  264;  Karsten,  Archlv  f.  Bergbain  11 
(1826),  66;  Ann.  ties  Mines,  2  (1817),  105, 

1816:  3.  J.  P.  Dessaignes.  Phenoin^nes  de  repulsion  et  d^attraction 
sans  eieetricite.  (Platinum  plates  in  evening  air  by  window 
attract  and  repel  needle/)  Pt. 

J,  Ut;  Phys.  83  (1816).  15;  J.  fiir  Chem.  (Scbwetgrger).  20  (1817),  S6. 

1817:  1.  A.  VON  Humboldt*  Ueber  die  Hohe  von  Bergen  in  Hindustan. 
(Occurrence  of  platinum  in  South  America^  p.  31.)  Pt* 

Ann.  der  Phys,  (Gilbert),  56  (1817).  1. 

1817:  2,     L.  N,  VAtTQUELix.     Sur  le  sulfiire  de  platine,  sur  ses  oxides, 

et    quelques    conibinaisons    de    ce    m^tal.      (Also    on    platinum 

cblorid.)  Pt. 

Ann.  chim.  phys.  5  (1^17),  260;  J.  fur  Chem.   (Schweigger).  20 

(1817).  394,  398;  J.  de  Phys.  85  (1817),  21.  113,  353;  Ann.  of  PhiL 

(Thomson),  12  (1818),  18;  Quart,  J.  ScL  4  (1818),  74;  N,  J.  der 

Pharm.  (Trommsd,),  2  (1818),  325;  Ann,  des  Mines.  3  (1818),  195* 

1817:  3,     L,  N.  Vauquelin.     Sur  quelques  sela  triples  de  platine,  et 

notatnment  sur  Ic  muriate  de  ee  m^tal  et  de  soude.     (Also  on 

pltitinum  sulfate.)  Pt 

Ann.  chim.  phys,  5   (1817),  302;  J,  fiir  Chem*   (Schweigger).  20 

(1817).  451;  Ann.  of  Phil.  (Thomson),  12  (1818),  28;  Ann.  d«« 

Mines,  3  (isiS),  195, 
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I  4    A.  F«  OEffLEN.     TJeber  die  Bediiction  der  Met^Ue  durch  ein- 

aodeiy    und     die     dabei     stattflndenden     Licht-Erficheinungen. 

(Action  of  platimiin  on  arBeuiouB  ox  id,  iron,  ropper,  zinc*  &c%» 

p.  3M.)  Pt. 

^,  fUr  Chem,  (Schweigger)*  20  (1817),  353. 

i.    E.  Djivt,     On  a  new  fnlminatitig  jilatimnn,  Pt, 

I^bit  Tmns.  107  (1817),  IMi  Proc,  Roy.  Soc.  Loadoti,  2  (l?i3:i).  fill; 
Ann,  of  Phil,  (Tliomson),  7  (1816),  468;  9  (J817),  229;  Ann,  clilm. 
ph^n.  5  (1817),  413;  J.  fur  Chem.  (Schweigger),  19  (1817),  Ul; 
Phil.  Majsr.  49  (lhl7)»  14r»;  Quart.  J,  8ci.  3  (1H17).  131;  BibL  Biit. 
[2].  5  (1817).  160;  6  (1817),  155;  Ann.  des  Mines,  3  (1818),  197. 

t.    T,  TON  (iKOTTHrs.     Beitrag  zur  Geschielite  der  Anthrazo- 

thiOQSiure.     (Platinflnthrazothionhydrat,  p.  2  [2.)  Pt. 

X  fiir  Chfiii.  (Schweigger),  20  (1817).  223;  Aniu  of  Phil.  (Thom- 

IK>Cl),   iJ  flH19),  MK 

7.    Jl,  A,  VOK  VooKL.     Notiz  iiber  das  Lithion.     (Einwirkung 
IHD  liihion  auf  Platintiegeln.)  Pt, 

J-  f0r  Chcm.  (SchweiggeT),  21  (1817),  345. 

8t    E,  D.  Clakke.     Account  of  «ome  experiments  made   with 

Newiiian*a  blowpipe  by  inflaming  a  highly  condensed  mixture  of 

the  gancous  eonstituenU  of  water.     (Fusion  and  nlloys  of  plalinura 

metals.)  Pt,  Pd,  Ir,  Os,  Rh. 

Quart  Js  8ci.  2  (t8}7)«  104:  Ann.  chim.  phys.  3  (1816),  39;  Ann. 

d«i  Mines.  1  (1816),  453;  Ann.  der  Phys.  (Gilbert),  55  (1817),  8, 

119;  J.   fiir  Chera.   (Schweigger),  18  (18ir>),  239;  Oken,  Isia,  1, 

(181T).  956, 

L  D.  CLAnKK.  Further  observations  respecting  the  decom- 
ion  of  earths,  and  other  experiments  made  by  burning  a 

highly  compressed  mixture  of  the  gaseous  constituents  of  water. 

(Similar  to  above.)  Pt.  Pd,  Ir,  Os,  Eh. 

Ann,  of  Phil.  (Thomson).  9  (1817),  89,  194;  Ann.  der  Phys.  (Gil* 

beri).  Oa  (1819),  339;  J.  fur  Chein.  (Schweigger),  21  (1817),  3S5. 

0.  TT.  T>AVT.  Some  new  experimenta  and  observations  on  the 
oomhiistjon  of  gaseous  mixtures,  with  an  account  of  a  method  of 
ptfaitrTing  a  continued  light  in  mixtures  of  inflammable  gases 
and  air  without  flame  (by  platinum  and  palladium).  Pt,  Pd, 

Vh'il,  Trans.   London,   107   (1S17),   77;  l^oc.   Uoy.  Soc.  London.  2 
).   61:  J.  fiir  Chem.    (Schwetgger).  20   (1817),  178;  J.   de 
,  :,,.  ^  M  (1817),  225;  BibL  Urit.  [2],  5  (1817),  319. 

11-  G.  ScHtTBLEB.  ITolwr  das  Enttrluhen  erwarmter  Metalle  im 
Mh^unat,  etc.  Pt,  Pd. 

J.  ftlrChcm.  (Schwcigger),  20  (1^17),  vm\  iUbU  Uni,  [2],  5  (1817), 
l«7. 
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1817;  12.  M.  F[ahadat].  Eeport  on  some  experiments  made  with 
compressed  oxygene  and  hydrogene,  in  the  laboratory  of  the 
Royal  Institution,  Pt. 

Quart.  J.  Sci.  2  {1817)»  461;  J.  fiir  Ch^m,  (Schweigger),  18  (ISlfi). 
337, 

1817;  13.  J.  MiTimAY.  On  tlie  phenomena  of  platinum  and  other  wires 
in  inflammable  media.  Pt_ 

Phil.  Mag.  49  (1817),  120,  142. 

1817:  14.  J.  T.  Cooper.  On  some  combinations  of  platimim.  (Alloys 
and  oxids.)  Pt* 

i  Quart,  J.  Sci.  3  (1817),  119. 

1818:  1.  H.  Heuland.  On  a  mass  of  platiniun  at  Madrid  (from 
Choc6).  Pt. 

j  Ann.  of  Phil.  (Thomson),  12  (1818),  20O;  PhiL  Mag.  62  (I8ia),  3S2; 

I  57  (1821),  228;  Ann,  chim,  phya.  9  (1818),  331. 

1818:  2.  J.  Ma  WE.  Nachricht  von  dem  Vorkommen  .  .  .  edler  Metalle 
in  Brazilien.  Pt,  Ir,  Oa* 

I  Ann.  der  Phys.  (Gilbert)^  59  (1818),  168. 

1818:  3.  J.  Cloud.  An  account  of  some  experiments  made  on  crude 
platinum,  and  a  new  procees  for  separating  palladium  and  rhodium 
from  that  metal.  Pt,  Pd,  Rh. 

Trana.  Amer.  PhiL  Soc.  [2],  1  (1818),  161;  Ann.  der  Phya.  (Gil- 
bert), 72  (1822).  253;  J.  fiir  Chem.  (Schweigger),  43  (1825),  316; 
Bui,  math-  chim.  (Ferussac),  1  (1824),  313;  Ajin.  dcs  Mines, 
4  (1S19),  131:  Berzelius  Jsb.  3  (1824),  104. 

1818:4.  F.  AocuM.  A  practical  treatise  on  chemical  reagents.  Lon- 
don, 1818.  (Palladium  in  platinum  ore;  precipitated  by  mercuiy 
prussiate  and  heat.)  Pt^  Pd* 

Bibl.  Brit.  [2],  9  (1818),  37. 

1818:  5.  J.  J.  Beezelius.  Ueber  das  selenium.  (No  compound  with 
rhodiumj  palladium  or  platinum.)  Pt,  Pd,  Rh. 

J.  fiir  Chem.  (Schweigger),  23  (1818),  439. 

1818;  6.  J.  J.  Berzelius.  Forsok  att  narmare  bestamma  ItskilUga 
oorganiska  kroppars  saramansattning,  till  vinnanda  af  en  narmare 
utveckling  af  laran  om  de  kemiska  proportionema.  (Versuehe 
iiber  die  Zusammensetzung  der  Rhodiumoxyde,  und  ihre  Ver- 
haltniese  zu  den  Siiiiren.)  Rh. 

Hisinger,  Afhandl.  Fysik,  5  (1818),  379;  J.  fiir  Chem.  (8chvrei|^ 
ger),  23  (1818),  2S5;  Ann,  chim.  phya,  11  (1819),  225;  J.  de  Fhya^ 
80  (1818),  356;  Quart.  J.  Sci.  12  (1822),  321;  Ann.  of  PML  (Thom- 
son), 15  (1820).  352. 
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J*  J*  Bbrzelius.    Geiricht  der  elementaren  Maosstheile. 

J.  fiir  Chem.  (Schweigger),  22  (1818),  31T,  325,  527.       Pt,  Pd,  Rh. 

in    JL  J.  Frere  de  Montizok.    Observation  sur  le  rapport  qui 
ftttile  eiitre  Toridation  des  m^taux  et  leur  p^santeur  specifique. 
Aud.  chlm.  phys.  7  (1818),  9.  Pt,  Pd. 

[9.    J.  CU)UD*    An  attempt  to  ascertain  the  fusing  temperature  of 
metab.  Pt,  Pd,  Rh. 

TrmuB.  Amcr.  PMl.  Soc,  [2],  1  (ISli),  167. 

10.    J.  J.  PRECHTL.     Schmekung  von  Platin  durch  Ofenfeiicr. 

Pt. 

Ann,  der  Phya,  (Gilbert).  59  (1818)»  111;  Ann.  of  VhU.  (Thom- 
son), 13  (1810),  229;  Bibl.  Brit.  [2],  11  (1819).  60;  Ann.  de» 
Mines,  4  (1819).  130. 

|lL    L.  N*  Vj^uquklin.    Note  sur  une  nouvelle  esp^ce  d^alcali 
mineral  (lithion).     (Action  of  lithia  on  platinum.)  Pt. 

Ann.  chim.  pby«.  7  (1818),  287;  Ann.  des  Mines,  3  (1818),  119;  J. 
far  Chem.  (Schweigger),  21  (1817),  450. 

[l2.    L.  J,  Gay-Lds8ac,    Sur  la  fiadtfi  du  degr6  d'^bullition  des 
'  Hquidea.     (Use  of  platinum  wire  to  prevent  "  bumping.")  Pt. 

Aiin.  chim.  phys.  7  (1818).  313;  J,  fur  Chem.  (Schweigger).  24 
(l$ia).  327;  Aniu  of  PhiL  (Thomson).  12  (1818).  129. 

13.     8.  T.  VON  SoMMERRiNO.     Gliihung  des  Platins  iiber  Alcohol, 
(Ejtperiment  before  the  Acad,  of  Sci,,  Miinchen.)  Pt 

J.  ffir  Chem.  (Schweigger),  22  (1818),  228. 

|14    P*  Erhax.    Ueber  eine  eigenthximliche  reziproke  Wirkung 
der  jcu'ei  entgegen?etzten  elektrischen  Thiitigkeiteu.     (Action  of 
ineandeeeent  platinum  of  Davy's  aphlogistic  lamp.)  Pt. 

Ahhandl.  Akiid.  Berlin.  181S-'19,  351;  Ann.  chim.  phys.  25  (1824), 


.  Qii*L.     On  a  lamp  without  a  flame.  Pt. 

Aon.  of  PliiL  <ThomBon),  11  (1S18),  217;  Amcr.  J.  of  Scl.  1  (isi^K 
207. 

,  16-    H*  Dayt.     On  an  ignited  wire  lamp.  Pt. 

Qtiort.  J.  ScL  5  (181«).  128;  Amer.  J.  of  Soi.  i   (isi'i).  301>;  PhH. 
3Ug.  50  (1817),  230. 

17.    ,    Emploi  du  camphre  pour  tenir  un  fll  de  platine 

rouge.    (Obeervation  of  H.  Davy.)  Pt 

Amu  cMBk.  phya.  8  (1818),  4-I3. 
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1818:  18.     p.  L.  DuLONG  and  A.  T.  Petit.    Becherches  sur  li 
des  temperatures.     (Specific  heat  of  platinum,  p.  148.) 
Ann.  chim.  phys.  7   (1818),  113;  J.  fiir  Chem.   (Schweij 
(1819),  322;  Ann.  of  Phil.  (Thomson),  13  (1819),  167; 
Phys.   (Gilbert),  58   (1818),  254;  J.  de  Phys.  82  (1818; 
Ecole  Polyt.  Paris.  11  (1820),  189. 

1819:  1.  J.  J.  Berzelius.  Examination  of  some  eompounc 
depend  upon  very  weak  affinities.  (Precipitation  of  ; 
from  sulfate  solutions  by  barium  chlorid,  p.  72.) 

Edin.  Phil.  J.  1  (1819),  63;  Ann.  chim.  phys.  14  (1820),  : 
Phys.  87  (1818),  462. 

1819:  2.  L.  W.  Gilbert.  Das  Newman'sche  Geblase  mit  verf 
Knallgas,  nach  seinen  neuesten  Verbesserungen  durch  I 
Clarke.  (Melts  platinum,  p.  265;  alloy  of  platinum  wit 
cent  gold  described,  p.  269.) 

Ann.  der  Phys.  (Gilbert),  62  (1819),  247. 

1819:  3.  E.  D.  Clarke.  The  gas  blow-pipe,  or  art  of  bun 
gaseous  constituents  of  water.    London,  1819. 

1819:  4.     E.  D.  Clarke.     On  the  alloy  of  platinum  and  lead. 
Ann.  of  Phil.   (Thomson),   14   (1819),  229;  Polyt.  J.  (1 
(1821),  125. 

1819:  5.     E.  D.  Clarke.     On  the  alloy  of  platinum  and  tin. 
Ann.  of  l»hil.  (Thomson),  14  (1819),  470. 

1819:  6.     E.  W.  Fox.     Alloys  of  platinum  (with  tin,  antimony  a 

Ann.  of  PhiL  (Thomson),  13  (1819),  467;  PhiL  Mag.  54  ( 
Ann.  Gen.  Sci.  Phys.  (Brux.),  1  (1819),  363. 

1819:  7.  T.  HowsE.  Query  respecting  the  method  of  coating 
with  platinum. 

Ann.  of  Phil.  (Thomson),  14  (1819),  469. 

1819:  8.     L.  W.  Gilbert.     Das  Lampchen  ohne  Flamme. 
Ann.  der  Phys.  (Gilbert),  62  (1819),  337. 

1819:  9.  P.  L.  Dulong  and  A.  T.  Petit.  Becherches  sur  » 
points  importants  de  la  th^orie  de  la  chaleur.  (Spec 
atomic  heat  of  platinum,  p.  403.) 

Ann.  chim.  phys.  10  (1819),  395;  Ann.  der  Phys.  (Pogg.), 
394;  J.  fur  Chera.  (Schweigger),  28  (1820),  122;  Bn 
Giornale,  2  (1819),  305;  J.  de  Phys.  89  (1819),  80;  ] 
Philom.  Paris.  1819,  103;  Phil.  Mag.  54  (1819),  267; 
Phil.  (Thomson),  14  (1819),  189. 
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L    R  DaTt,     Oq  Bome  combinations  of  platinum.     (Platinum 
lulliLte  on  aleolvol,  and  as  a  teat  for  gelatine;  a  grey  oxid  of  pla- 
tinum; platinum  fulminate.)  Pt. 
PbU.  Trsins,  London,  110  (1S20).  108;  Prcic,  Roy.  Soc.  London,  Z 
(lltS5),  IS4;  Ann.  of  PhiL  (Thomson),  15  (1820),  297:  16  (1820), 
3S5;  J,  fiir  Chem,  (ScbwelgrKer).  ai  (1891),  340;  B^nseltus  Jsb.  1 
(1*^2) »   ^^;   Bui-   Soc,   Philom.     PaHs.   1820,  54;   Phil*   Mag.   5tt 
(1S20).  330;  Ann.  des  Uinta,  6  (1821).  148. 

T.  Thomson.    On  arsenic.     (Action  of  sodium  arseniate  on 
iridium^  rhodium  and  platinum  salts.)  Pt,  Ir,  Bh. 

Aaii.  of  PhiU  (Thomson),  13  (1820)»  84;  J.  fiir  Chem.  (Schwei^- 
fer),  2^  tm20)t  43.V 

T«  Tuuii8o.v.    Bepetition  of  Fox  and  Clarke's  e.xperiroent6  on 
the  tUoj  of  platinum  and  tin.  Pt» 

Ann*  of  PhiL  (Thom»on),  U  (18^0),  IB. 

4.  H,  Kobe.     Beitriige  zur  chemischen  Kenntniss  des  Glimmera, 
^Oxydfliiun  di^s  Platins  durch  Braunstein.)  Pt. 

J.  fur  Chem,  (Schweigger),  29  (1820),  282. 

5.  O.  B.  SowERBY.     Crystallization  of  platinum.  Pt, 

Ann.  of  PhiL  16  (1820),  233;  Ann.  chim.  phy«.  15  (1820),  111;  Polyt. 
J.  (Dingl.)p  3  (1620),  125. 

I  6.    R.  Habb.     Strictures  on  a  publication  entitled  Clark^s  "  Oaa 
Blow-pip«/*  Pt- 

Amer.  J.  of  Set,  2  (1820),  281. 

J.  SronART  and  M,  Faraday,  Experiments  on  the  alloys  of 
.  made  with  a  view  to  its  improvement.  Pt,  Pd,  Ir,  Bh,  Os^ 
Quart  J.  8ci.  »  (1820),  319;  Ann.  der  Phys.  (Gilbert),  G6  (1820), 
IW;  Ann.  chim.  phys.  15  (1S20),  157:  Ann.  des  Mines.  6  (1821), 
3»I:  Jem.  Kont.  Ann.  5  (1821),  120;  J.  de  Phys,  91  (1820),  378; 
Phil.  Mag.  56  (1820),  2fi;  Edin,  Phil.  J.  3  (1820),  309:  Arch.  ge«. 
Naiurl.  2  (1824).  3S. 

fL    ;    Extraordinary   mass   of   platina   discovered   in 

Peru.  Pt. 

BdhL  PhiL  J.  4  (1821),  214;  Amer,  J,  of  Sci.  4  (1822).  28. 

t*    j«  J.  Bbbj^sllos.     Sur  la  composition  des  oxides  du  platine  et 
aePor.  Pt, 

AniL  chlsu  phys.  IS  (1»2]),  146;  J.  fiir  Chem.  (Schweigger),  33 
(1^21).  422;  34  (1822),  81;  Quart.  J.  Sci,  12  (1822),  412;  Edln, 
Phil.  J.  6  (1822),  9;  Ann.  des  Mines,  7  (1822).  137. 

t.    J.  J«  BRli2BLt08.     Om  de  svafvelbundna  alkaliernas  samman* 

•ittnin^.    (Sulfids  of  platinum  and  rhodium.)  Pt,  Bh, 

Atod.  HandL  (Stockholm).  1821.  i,  80:  Ann.  chim.  phys.  20  (1822). 

11.  113,  225;  Quart.  J.  Sci,  11  (1821),  388;  14  (1822),  209;  J.  fiir 
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Chem.  (Schweigger),  34  (l^22V  22,  57:  Ann.  of  PhiL  (Thom«on| 
4  (1822),  2B4,  343. 

1821;  4,     J.  B,  BoussiXGAULT.     Sur  la  eojiibinaison  du  siliciiim  arec  le 
platine.  (Xot  compound  of  platiniim  and  carbon  as  first  thought,) 

Pr. 

Ann.  ehim.  pbys.  Ki  (1821),  5;  J.  fiir  Chem.  (Schweigger)  i:J 
(1821),  483;  PhiL  Mag.  59  (1822),  185;  Berzelius  Jsb.  2  (1823),  R&; 
Archiv  L  Bergbau  (Karsten),  5  (1822),  158;  Ann.  dea  Mines,  T 
(1822),  139. 

1821:  5.    T.  Thomson.     (Oxid  of  pktinimi.)  PU^ 

Ann.  chim.  phys.  18  (1821),  14G;  BerzeHus  Jsb.  2  (1823),  87. 

1821:  6.     C\  H.  Pfaff.     Ueber  die  Weinsteinsaure  und  da8  salzsatire 
Platin  als  Eeagentien  fiir  Kali,  Ft, 

J.  fiir  Chem.  (Schweigger),  33  (1821),  473, 

1821;  7.    J.  MuERAY,     On  the  change  of  colour  in  blue  vegetable 
colours  by  metallic  salts.     (Colored  green  by  platinic  chlorid.)  Pt. 
Phil.  Mag.  58   (1821),  273;  J.  fnr  Chem,   (Schweigger),  33   aS2lU 
486. 

1821:  8.    J*  F.  Daniell.     On  a  new  pyrometer.     (Platinum  amalgam^ 
p.  319.)  Pt. 

Quart  J,  ScL  11  (1821),  309;  J.  fur  Chem.  (Schweigger),  33  (1821), 
110. 

1821:  9.     J.  MrRRAT.     On  the  alloys  of  platinnm.  Pt, 

Edin,  Phil.  J.  4  (1821),  202. 

1821:  10,    T,  J.  Seebeck,    Magnetisehe  Polarisation  der  Metalle  und 
Erze    diirch    Temperature-Differenz.     (Platiua    tiegeln    auf   ihre^ 
chemigehe  lieinheit  durch  Thermomagiietisrnu^  zu  priifen,)     Pt. 
AbhftndL  Acad,  Berlin.  1822-23,  265;  J.  fiir  Chem.  (Schweigger). 
46   (1826),  101:  J.  techn.  Chem.  2   (1828),  102;  Ann.  der  Phys, 
(Pogg.),  6  (162(1),  ],   114,  265. 

1821:  11.    J.  P.  Charltox.     On  the  production  of  colours  by  mechani- 
cal  division.     (Effect  of  platinum  black.)  Pt. 

Ann.  of  Phil.  (Thomson),  18  (1821),  182;  J.  fiir  Chem.  (Schweig- 
ger), 33  (1821).  240. 

1821:  12.     J.  p.  Charltox.  On  the  black  enamel  obtained  from  plat  ma. 
(Colors  from  platinum  and  iridium.)  Pt,  Ir. 

Ann,  of  Phil.  (Thomson).  18  (1821),  337;  J.  fiir  Chem.  (Schweig- 
ger), 34  (1922),  253;  Polyt.  J,  (Dingl.),  7  (l!!i22),  :J50. 

1821:  13.     E.  D,  Clarke.     Observations  i3})<hi  flu?  gas  blow-pipe,     (Re- 
duction of  the  platinum  metals.)  Pt,  Pd,  Ir,  Bh,  0»- 
Ann.  of  Phil.  (Thomson),  17  (1821),  42 L 


BIBLlOORArinr   or  iCETALS   OF  THE  PLATINUM  GBOUI' 


a5 


E,  Babruel.     Process  for  procuring  pure  platinum,  palla- 
imm^  rhodium,  iridium  and  osmium  from  the  oree  of  platinum* 

Pt,  Pd,  Ir,  Eh,  Ob. 

Quart.  J,  ScL  12  (1922),  246;  Phil.  Mag.  !^9  (1822),  171  (in  full); 
PoJyU  J.  (BiugL).  S  (1822),  231:  B*?r2eliua  Jsb.  3  (1824),  105. 

I  i.    L  Omeltn  and  F.  W6hler.     Nene  Cyanverbindnngen.     (Pot- 
nmlum  platino-  and  pallado-cyanids,)  Pt,  Pd. 

OtaeJin*B  HAiidbiieh  der  theoret.  Chemie,  3te  Auflage,  2,  iJ,  1692; 
J.  fur  Chem,  (Schweig-g-er),  36  (1822),  230. 

[  S.    J,  MuBRAT,     On  the  combination  of  the  earths  with  platintim* 
(With  antimony,  zirconium,  glucinum,  aluminum,  potassium,) 
EdllL  Phil.  J.  6  (1822>»  385,  Pt. 

H«    J,  Stodart  and  M.  Faraday,     On  the  alloys  of  steel.     (With 
the  pUtinum  metals.)  Pt,  Pd^  Ir,  Bh,  Os. 

Phil.  Tmoft.  Londoti,  112  (1822),  253;  Ptoo.  Roy,  Soc,  London.  2 
(l$^)p  169;  Ann,  chim.  phys.  21  (1822),  62;  Edin.  Phil.  J.  7 
(iaS$),  350;  Ann.  of  Phil.  (Thomson),  21  (1823),  202;  Ann.  der 
Phys.  (Gilbert),  72  (1822)^  225;  Mag.  f,  Naturvid.  2  (1823),  2u.: 
PKiU  Mag,  00  (1822),  363, 

.     Email  noir  obtenu  avec  le  platine.  Pt. 

Ann.  chim.  phya.  20  (1822),  198;  Polyt*  J.  (Dingl.),  8  (1822),  SOG. 

J.  W.   DObkreixkr.     Gliihendes  Verbrennen   des  Alkohola 
idnrcfa  erhitzte  Metallc  und  Metalloxyde.     (Durch  Platindiaiit.) 
J.  Ar  Chem.  34  (1922),  91.  Pt 

',    Sur  I'acide  forra^  par  la  combustion  de  l*6ther 

iiojen  d'lin  fil  de  platine.  Pt 

Ana.  chim.  pby«.  20  (1822),  223. 

C«  C    On  the  existence  of  chrome  in  the  ore  of  platinmiL 
Ann.  of  PhU.  (TbomBOn).  22  (1823),  l»g.  Pt. 

Note  sur  le  palladium. 


(Note  on  palladium, 
Pd. 


PcnUAITRLW 

Soc.  Encour,  (PafU),  22  (1823),  163;  BibL  Univ.  83  (182:i), 
835;  Poly  I,  J.  (Dingier),  12  (1823).  375;  J,  tiir  Chem*  (SchwoJg^ 
ger),  39  (1823),  35«. 

B,  SiiXiiitAN.    Test  for  platinum.     (Hydriodic  acid.)  Pt. 

Anier.  J.  of  8c.  1!  (1823)*  27G;  J.  lUr  Chem.  (Schwelgger),  42  (1H24), 
V^  •    J.  (Dingl.),  12  (1823),  4Gr.;  Ann.  of  Phil.  (Thomson), 

:.  *Jl;  Ann.  de^  Minces,  10  U^2.)),  176;  Sing,  fiir  Pharni, 

i  (1624),  262. 
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1823:  4.    J.  J.  Bebzelius.    Undersokning  af  flufls-Bpatflqnan  och  dm 

markvardigafite  foreningar.     (Flussspathsaures  Platinozyd,  Am 

der  Phys.  (Pogg.)^  1 :  36^  47;  Flussspathsaures  Kieeelplatinoxii^ 

1 :  201;  Einwirkung  von  SiUcium  auf  Platin  und  Bhodianiy  h 

220.)  Pt^BL 

Acad.  Handl.  Stockholm,  1823,  284;  Ann.  der  Phys.  (Pon.)t  t 

(1824),  36,  47,  201,  220;  Ann.  chim.  pliys.  27   (1824),  53,  m 

Quart.  J.   Sci.   IS    (1825),   156;   Ann.   of  PhiL    (Thomioii),  U 

(1824),  337,  450. 

1823:  5.    S.  Bbandes.    Monographie  der  Eamphersaure.    (EamplMr- 
saures  Platinoxyd,  p.  299.)  It 

J.  fiir  Chem.  (Schweigger),  38  (1823),  269. 

1823:  6.    J.    W.    DObebeineb.     Neuentdeckte    merkwtirdige   Eipi- 

schaften  des  Platin-Buboxyds^  des  oxydirten  Schwefel-Platiiis,  nl 

des  metallischen  Platinstanbee.    (Ozydation  of  alcohol  to  ioetb 

acid.)  Pt 

J.  fiir  Chem.  (Schweigger),  38  (1823),  321;  Ann.  chim.  phyi.  M 

(1823),  91  (in  full);  BibL  Brit.  [2],  24  (1823),  54;  Edin.  PhiLl. 

10  (1824),  153;  Ann.  der  Phys.  (Gilbert),  74  (1823),  269;  Qoiii 

J.  Sci.  16  (1823),  375;  Ann.  of  Phil.  22  (1823),  464;  PhiL  Miff.« 

(1823),  289,  396;  Amer.  J.  of  Sci.  7  (1824),  387;  N.  J.  der  Thtm 

(Trommsd.),  7  (1823),  119;  Ann.  des  Mines,  9  (1824),  243;  Hm^ 

fiir  Pharm.  4  (1823),  49,  127. 

1823:  7.    J.  W.  Dobsbeikeb.    Platin  und  Waaserstoffgaa.  Ft 

Oken,  Isis,  1823,  989. 

1823:  8.    J.  W.  D()beb£IKEB.    XJeber  das  EntgltLhen  dea  PlatinpidTeii 
J.  fiir  Chem.  (Schweigger),  39  (1823),  159.  Ft 

1823:  9.    P.  L.  Duloko  and  L.  J.  Thexabd.    Note  sur  la  propriiti  ([B 

poss^ent  quelqnes  m^taux  de  f  aciliter  la  combinaison  dee  finite 

^lastiqnes.  Pt,  Fi  I^ 

Ann.  chim.  phys.  23   (1823),  440;  Ann.  der  Phys.  (Oflbert),  IV 

(1824),  83;  BibL  Brit.   [2],  24   (1823),  195;  Froriep,  Notes,! 

(1824),  83;  M4m.  Acad.  ScL  Paris.  5  (1821),  476;  QnsrlJ.  8d 

17  (1824),  138;  J.  fiir  Chem.  (Schweifl^),  39  (1823),  205;  M 

Mag.  62  (1823),  282;  Ann.  of  PhiL  (Thomson),  6  (1823),  376;  lUl^ 

fiir  Pharm.  5  (1824),  142. 

1823:  10.    P.  L.  Dulono  and  L.  J.  Thbnabd.    NouTellea  obscnratii* 

sur  la  propri^t6  dont  jouissent  certains  corpa  de  fitToriser  It  o(A* 

binaison  des  fluides  ^lastiqnes.  Ft 

Ann.  chim.  phys.  24   (182^,  380;  Ann.  der  Phys.  (Oilbeii). 'V 

(1824).  89;  M6m.  Acad.  Sci.  Paris.  5  (1821),  481;  J.  fflr  Cb*- 

(Schweigger),  40  (1824),  229;  Moniteur  (1823),  Nov.  12;  Aitk. 

ges.  Naturl.  1  (1824),  81;  Mag.  fiir  Pharm.  8  (1824),  244. 
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1823:  11.    A.  Garden.     On  the  ignition  of  platina  by  hydrogen  gag. 

Pt,  Ir. 
Ann.  of  Phil.  (Thomson),  22  (1823),  466;  J.  fiir  Chem.  (Schweig^ 
ger),  40  (1623),  115. 

1823:  12.  C.  Q.  Gmelin.  Ueber  Dobereiner's  Entdecktmg  der  Eigen- 
schaft  dee  Platinfitanbes,  Wasserstoff  2u  entziinden.  Pt. 

J.   fiir  Chem.   (Sehweigger),  38    (1823),   515;  Bibl.  Brit.    [2],   24 
(1823).  278. 

1823:  13.  L.  W.  Gilbert,  Chladni  and  J.  F,  Daniell,  Ueber  das 
Gliihlampchen,  Pt. 

Ann.  der  Phys.  (GUbert),  75  (1823),  95. 

1823:  14.  W.  Herapath.  On  Dobereiner's  new  experiment  with 
hydrogen  gas  and  platinum  in  a  finely  divided  state.  (Read  be- 
fore Bristol  Phil.  Soc.  of  Inquirers.)  Pt. 
Phil  Hag.  62  (1823).  286;  J.  fiir  Chem.  ( Schwcigfirer) »  39  (1823)» 
255;  Mag.  fiir  Pharm.  5  (1824),  143,  240. 

1823:  15.  K,  Eabmahsch.  Ueber  da8  Gliihen  von  Metalldrahten  in 
den  Dampfen  fliich tiger  Siibstsmsen.  Pt. 

Ann.  der  Phya.  (Gilbert),  75  (1823).  83. 

1823:  16.  C.  H.  Pfaff.  Ueber  die  von  Dobereiner  entdeckte  merk- 
wiirdige  Eigenschaft  des  metallischen  Platinastanbee  oder  Platina- 
Bchwammes.  Pt. 

J.   fiir  Chem.    (Schweigger).   40    (1823) »   1;   Mag.   fiir   Pharm.   6 
(1824),  138;  8  (1824),  243. 

1823:  17.  A,  PLEiscHii.  Beobachtnngen  iiber  das  Entgliihen  des  Pla- 
tinpnlvers  im  Hydrogenstrome.  Pt. 

J.  fiir  Chem.  (Schweigger).  39  (1823),  142,  201;  Bibh  Brit.  [2],  25 
(1824),  112;  26  (1824),  38:  J.  d.  rinst.  roy.  No.  32. 

1823:  18.  A.  Pleisohl.  Beobachtnngen  nber  das  Entgliihen  des  Pal- 
ladimDS  im  Hydrogenstrome.  Pd. 

J.  fiir  Chem.  (Sohweiggcr),  39  (1823),  351;  Ann.  der  Phya.  (Gil- 
bert), Ih  (1824).  98. 

1823:  19.  J.  S.  C.  Schweigoer.  Ueber  Dbbereiner's  nenes  Fener- 
princip.  Pt. 

J.  fiir  Chem-  (Schweigger),  39  (1823),  205;  40  (1824),  10,  239,  277; 
41  (1824),  402;  PhiL  Mag.  64  (1824),  3. 

1823;  20:  J.  R.  Bbeant.  Description  d'un  procM^  k  I'aide  dnqnel  on 
obtient  nne  esp^ce  d'aoier  fondu  aemblable  a  celui  des  lames 
damass^es  orientalee.     (Palladium  steel.)  Pd. 

Ann.  chim.  phys,  24  (1823).  386;  Bibl.  Univ.  83  (1823),  236;  Edlnb. 
PhiL  J.  9   (1823),  404;  Ann.  dea  Min«i,  9  (1824)»  319;  Ann.  of 
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rbO.  (Thomson),  8  (1824),  267;  Arch.  ges.  NaturL  2  (1?<'^'U,  <^: 
J,  fiir  Chem.  (Schweigrgcr).  40  (1824),  295;  Quart  J.  Sci*  l^ 
(1825),  386;  Techfi,  Rep.  (Gill),  6  (1824).  49;  Uskg,  fiir  Pharm.  4 
(1823),  215. 

\3:  21.     J.  E.  Bheant.     (Palladium  medals.)  Pd, 

Moniteur  (1823),  June  22;  Arch.  ges.  Natiirl*  2  (1824) »  ^44. 

!3:  22.    A.  C.  Beoquebel.     Sur  les  fila  trde-fiiis  de  platine  et  d'acier. 
(Working  of  platinum.)  Pt 

Abb.  chim.  phys.  22  (1823),  113;  J.  fiir  Chem.  (Schweigger),  39 
(1823),  374;  Mem,  de  rinst.  Paris,  11  (1832),  13, 

1823:  23,  A.  C.  Becquerel.  Du  d^veloppement  de  relectricit^  par  le 
contact  de  devji  portions  d'un  meme  m^tal,  dans  \m  i&tat  BuflBsam- 
ment  in^gal  de  temperature,  Pt 

Ann.  chim.  phys.  23  (1B23),  135;  J.  fiir  Chem.  (Schweigg«r).  39 
(1823),  448;  44  (1825),  176. 

1824:  1.  Le  Baillif.  (Mittel  das  Palladium  von  der  Platina  zu  nnter- 
scheiden.)     (By  iodin  and  cuprous  chlorid.)  Pt,  Pd. 

Ann.  de  I'lndustrie  Natiom  15  (1824);  X  fiir  Chem.  (Schweigg«r), 
42  (1824),  120:  Polyt.  J.  (DingL),  13  (1824),  275;  Berzelius  Jsb. 
5   (1826),  142, 

1824:  2,     A,  M.  del  Rio.     Analyse  d*iin  alliage  dW  avec  du  rhodium,  de 

la  Maieon  du  Depart  (Apartado)  de  Mexico.  Bh. 

Sol,  Dec.  11,  1824;  Ann.  chim.  phjs.  29  (1835),  137;  Amcr.  J.  of 
Sci.  11  (1820),  298;  J.  fiir  Chem.  (S«hweigg«r),  47  (1826),  65; 
Abb.  der  Phys.  (Pogg,),  10  (1827),  322:  Arch,  fiir  Bergb«ti 
(Karsten),  11  (1826),  386;  Ann.  of  I'hil.  (Thomson),  10  (1825), 
251;  Ann.  des  Mines,  12  (1826),  ,323. 

1824:  3.    A.  Abie.     Hydro-pneumatic  lamp.    Description  of  lamp  de- 
vised by  Mr.  Adie  as  an  improvement  on  Garden's  lamp,  Pt, 
Edin.  J,  Sci.  1  (1624),  144;  Ann.  der  Phys.  (Pogg.),  2  (1824),  333. 

1824:  4.  S,  P.  Dana.  Ignition  of  platinum  (by  vapor  of  alcohol  or 
ether).  Pt, 

Amer.  J.  of  Sci,  8  (1824),  196;  J.  fiir  Chera.  '43  (1825),  380. 

1824:  5.    J.  W.  DdBEREiNER.     Ueber  Wasserbildung,  und  iiber  deu' 
EinflusB  der  Platina  anf  Hydrogen.  Pt. 

J,  fiir  Chem.  (Schweigger),  42  (1824),  60;  Abb.  of  PhiL  (Thoiii- 
Bon),  25  (1825),  213;  Phil.  Mag.  65  (1825),  150. 

1824:  6.  J.  W.  DdBEREiyEH*  Das  Platin,  etc.,  als  Begiinstiger  der 
Gasverbindung,  Pt 

ArchiT  ges.  KaturL  2  (1821),  225. 
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J»  W.   Dt^BEHETXER.     Ueber   Waseerbildung,   iind   libcr   den 
EinflttB  der  Platina  aiif  Hydrogen.  Pt, 

J.  liirChftm.  (Schweigger),  42  (1824),  fiO;  Phil.  Mag.  65  (1825).  150, 

L    A.  Fffl.    Deflcription  of  a  hydro-pneumatic  lamp-  Pt. 

Kh         1       I    J,  11    (1S24),  341;  Ann,  der  Phvs.   (Pogg.).  2   (1824), 
«  I.  J.  <Dingl.).  15  (1824),  420;  BibL  Brit.  [2],  28  (1825), 

9.  L,  W.  GiLBEBT,  Noch  einiges  von  lierm  Dobereiner  aus 
£DgULDd.     (Oliihlampdien.)  Pt. 

Ann.  der  Phjs.  (Gilbert).  76  (1824).  102. 

10,  W.  Hexry.     On  the  action  of  finely  divided  platinum  on 
mixtures*  and  its  application  to  their  analysis,  Pt. 

n.  TninB.  London,  14  (1S24),  2«i(i;  I»roc.  lto>%  So€.  Loudou,  2 
riHia),  21$:  Arocr.  J.  of  Sci.  12  (1827),  181:  Ann.  of  Phil  (Thorn. 
«M)ii),  25  (1R25),  416;  PhiJ.  Mag.  ftS  (1H2:>),  2tV.j:  Ann.  des  Mines 
[2],  1  (1S27).  172;  Berzellus  Jsb,  6  (1827).  147, 

11,  K.  W.  G.  KasTNER,  TJeber  die  Imponderabilien,  Magnetis* 
mus,  Elektricitfit,  Lieht  und  Warme,  etc,  (Platinum  sponge  and 
hydrogen.)  R. 

Aj^Iu  ge»,  Ntttnrl.  1  (1824),  m  t  (1824),  2a0, 

12.  0.  Os^iNK.  DaB  Platin,  etc..  als  Begiinstiger  der  Gasverbind- 
itBgen^  Pt* 

Areh,  g«s.  Xaturl.  2  (1824),  449. 

VL    P*  W.  ScHKiDT,     Ueber  die  Ziindapparate  nacb  Dobereiner. 
J,  fur  aiem.  (Schwrigger),  42  (1824),  247.  Pt 

14.     E.  TrRKKH.    Experiments  on  the  application  of  Professor 

r»r^  ^    '    r'a  recent  discovery  to  eudiometn*.     (Head  before  Roy, 

Si  '  *  Pt. 

Bdln,  Phil.  J.  11    (1S24).  09;  Ann.  der  Phya.   (Pogg.),  2  (1824), 

210. 

11* .     Hepetition    of    Dobereiner*s    cxiterinients    by 

Childr<*n,  and  Daniel  and  Tiiruer,  Pt. 

Ediii.  Phil.  .1.  21  (IS24),  Oft;  J.  fiir  Cheni.  (Schweigger),  43  (1824). 
^m  r  from  J,  of  Sei.  32.  374  "). 

H.  J,  W.  DObereixeh.  Ueber  das  leichtfliiMige  Metall  und 
eiii«  Ictiltmacheudc  Metnllmischiing,  (Wnnne*ent\dckelung  wenu 
Plitin  nnd  Zink-Natrium  auf  einander  wirken.)  Pt. 

J.  far  Oicm.  rScbweiggcr).  42  (1h24).  182:  Arch.  gcw.  NatiirL  3 
(1«I24>,  an;  Quart.  J.  Sci.  10  (1825),  HII. 
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1824:  17.    F.    P.    DuLK.     BemerkiiBgen    iiber    ElelctroinagBetisjii^ 
(Conductivity  of  platinum,  p.  35;  Action  on  needle,  p*  38, 
"  Ueber  Magnetismus,"  &c.,  Konigsberg,  ISIM)*  Pt. 

Arch.  ges.  Naturl.  1  (1S24),  32. 

1825:  1,    A.  voK  Humboldt.    Yorkommen  der  Platina  und  des  Palla- 
diums in  Brazilien.  Pt,  Pd. 
J.  fiir  Chem.  (Schweigger).  45  (1825),  54- 

1825:  2.    A.  Laugier.     Examen  du  platine  trouve  en  Rufisle.  Pt- 

Ann.  chim.  phys.  29  (1825),  289;  J.  fiir  Chem,  (Schweigrger),  4^ 
(1826),  IH;  Phn.  Mag.  66  (18SS).  285;  Berzeliua  Jsb.  0  (1827).  212; 
Ann.  des  Mines,  12  (1826),  324. 

3,    A.  Laugieb.    Eiamen  du  platine  trouv6  en  Sib^rie.  Pfc. 

Ann.  ad.  nat.  5  (1825),  333. 

:  4*    W.  C\  Zeise.     En  ny  Forbindelse  af  Platinets  Forchlorid  be- 

handlet  med  Yiinaand.     (Compound  of  platinum  chlorid  with 

carbon  monoxid.)  Pt*^ 

Afh.  DauBke  Vid.  Selsk.  3  (1828).  45;  Overs,  Danske  Vid.  Seli 

1825-26,  13;  Berzefms  JsK  7  (1828),  131;  Ann,  der  Phys.  {Pogg.)^ 

9  (1827).  632;  Mag.  fiir  Pharm.  20  (1827),  346. 

1825:  6.  J.  J<  BEEZELIU8.  Om  Svafvelsalter*  (Compounds  of  plati* 
num  sulfid  with  sulfids  of  carbon,  arsenic,  molybdenum,  ttingstea 
and  tellurium.)  Pt. 

Kong.   Vet.  Acad.  Handl.    1825.   232;   1836.   53;  Aim.   der   Phys. 
(Pogg.),  6  (1826),  453;  7  (1826),  150.  277;  8  (1826),  282.  419:  Anj^H 
chim.  phys.  32   (1826),  60,  166,  265.  393;  Brugnatelli,  Oiora.  ^^M 
(1826),  297,  435. 

1825:  7.     A,  Pleischl.     Ueber  Hydro  jodsiiure  als  Eeagens  fiir  Plat  in. 

Pt. 
Arch.  ges.  Naturl  5  (1S25)»  160;  J.  fiir  Chem.  (Sehweigger) ,  43 
(1825),  385;  Ann,  dea  Mines  [2].  1  (1827)*  173, 

1825:  8.    A.  Pleischl.     Ueber  die  jodige  Saure.    (Reactions  with  plati- 
num and  palladium.)  Pt,  Pd. 
J.  fiir  Chem,  (Sehweigger),  45   (1825),  1;  Arch.  ges.  Naturl,  6 

(1825),  155. 

1825:  9.  G.  Bisohof.  Oxydation  dee  Platine  durch  Schmeken  de» 
Aetzkalis.  Pt. 

J.  fiir  Chem.  (Sehweigger).  45  (1825),  209. 

1825:  10.  C.  G,  Gmelin.  Ueber  die  Wirknng  des  .  .  .  Osmiums^ 
Platins,  Iridiums,  Rhodiums,  Palladiums  .  .  .  anf  den  thierisehen 
Organismus.  Os,  Pt,  Ir,  Rh,  Pd, 

J.  fiir  Chem.  (Sehweigger).  43  (1825),  110:  J.  chim.  m^d.  2  (1826), 
188;  3  (1827),  126,  388;  Edinb.  J.  Med.  Sci.  3  (1827),  324. 


5IBUOOHJIPHT   OF  METALS   OF  THE   PLATIXtll   GBOUP 


41 


XL    T*  OtLL.    On  a  snggestion  for  improving  Dr.  Fyfe's  Dober- 
doer^t  kmp,  Pt, 

Tccks.  Hepository,  «  (1825),  297;  Polyt,  J.  (DingL)»  16  (1825).  301. 

12,    0.  BisCHOF.    Der  ,  •  .  Dobereiner'sche  Versuch,  ein  ziemlich 
fmpftpdlichea  Beagens  auf  Platin.  Ft. 

J.  Hir  Chem*  (SebweSgger),  45  (1825) »  21Z, 

H.  Datt*     On  the  safety  lamp  for  coal  miners,  with  some 
on  flame.     (Aphlogistic  lamp.)  Pt. 

iDd  td^  With  additions;  Ann.  of  PMl.  (Thomson),  U  (1B25),  45d. 

H.  A.  vox  VoGEL,  Ueber  eine  Feuererscbeinung  des  braunen 
iOzy<]«  bei  Bertihrnng  mit  schweflicht^aurem  Gas.     (Bemerk- 

:n  liber  daa  Dobereinersche  Feuerzeug,  &c,)  Pt. 

Arch.  gtm.  Naturl.  4  (1825),  434. 

[Mu    J.  F.  JoHK.     Ueber  Dobereinersche  Platinfeuerzenge.      Pt. 
Arch.  gC8.  NattirL  4  (1825),  491. 

F*  P,  Diroc.  Etwas  iiber  das  Dobereiner'sche  Phiinomen-  Pt. 
Arch.  gc«.  NaturK  6  (1825),  467. 

.     (Agency  of  platinum  in  effecting  fonnation  of 

I  water.)  Ti. 

•*  Baa  dwi  Sci.  No.  12  ":  Phil.  Mag.  65  (1825),  158. 
18.    S-  Stratixoh.     Platine  spongiemx  et  camphre.  Pt. 

J.  de  Phaim.  11  (1825),  195. 
19.    F.  WOHLEB,    Ueber  die  Wirkung  des  Palladiume  auf  die 
Wmigieist  Flamme.  Pd. 

Ann.  der  Pbys.  (Pog^g.),  3  (1825),  71;  Berzelius  Jsb,  6  (1825)>  143; 
M^,  fiir  Pharra.  12  (1825),  282. 
20,    .     Discussions  on  disputed  inventions.     2.  Dan- 
idl'a  platina  pyrometer,  partly  anticipated  by  Mr.  Ouyton,        Pt. 
Bdiiu  J.  of  ScL  2  (1825),  147. 

1 21,    .     Mr.  Nicholas  Mill's  platina  pyrometer.        Ft. 

£di&  J.  of  Sd.  2  (1825),  338. 

[  t^. .     (Platina  strinp  for  musical  instruments.)    Pt» 

>*eB9a  KuMft  und  Gewerbeblatt.   (Apr.  1825);  Edin,  Phil.  J.   14 
(Itsa),  200,     (AI90  Musical  Gasette,  Leip2ig.) 

1 1.    A.  TON*  HiTMBOLDT  (J.  B.  Boussingault).     Ueber  die  Proyini 
Antioquia  und  die  neu  entdeckte  Lagerstatte  der  Platina  auf 
IP     GiogeiL     (Also  platinimi  in  the  Oural  mountains.)     (Letter  from 

■  BottfiMngault,  Ann.  der  Phys.  (Pogg.).  7  :  520.)  Pt,  Pd,  Ir,  Os,  Kh. 

H  Eenba,  7  (1826).  263;  Qunrt.  J.  of  Sci.  22  (1S26).  225;  J.  de  Pharm. 

■  IS  (ia2a),  434;  Ann.  chim.  phjs.  32  (1826),  204;  Ann.  der  Phys. 
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(Pogg.)i  7  (1826),  515;  J,  chim.  ni€d.  2  (1826),  3S7:  Edin*  J. 
Sci.  6  (1826),  323;  Amer.  J.  of  Sci.  12  (1827),  384;  J.  fiir  Chem. 
(Schwelgger),  47  (1826),  368;  PhLL  Mag.  6S  (182ij),  S06;  BuL 
Univ.  Nov,  (182G);  Le  Globe,  Jy,  20  (192«>);  Ecliu.  N.  PhH.  J.  2 
(1S27),  197;  Ann.  des  Mines  [2],  1  (1827).  175»  178;  BerzeUu^  Jsb. 
7  (1828).  184;  Mag.  fiir  Pharm.  16  (1826),  101,  353;  ZtacU.  iur 
Min*  1826,  No,  12. 


1836:  2. 


Platina  foimd  in  EuBsia, 


Pt. 


'  Edin.  Phil,  J,  14  (1826),  173. 

1826:  3,  J*  Menqe,  Geognostisclie  Nachrichten  aug  Sibirien;  Bemer- 
kungen  iiber  die  Gold-  imd  Platina-Bergwerke  des  Ural-Gebirgc€w 

Pt. 
Leonhard,  Ztsch.   fiir  2^1in.   2   (1826),   245,  508;  Aim.  Sci.  Nmt.  10 
(1827),  386;  EdinK  N.  PhiL  J.  2  (1827),  199, 

1826:  4.  A,  Breithaupt.  Mineralogische  TJnterguchung  des  russischen 
Platin&andes.  Pt,  Pd,  Ir,  Os,  Rh. 

Ann.  der  Phys.  (Pogg.).  8  (1S26),  500;  PhiL  Mag,  [2],  3  (1828),  72; 
Edinb.  N.  PhiL  J.  3  (1827),  272;  Mag.  fiir  Pharm.  20  (1827),  210; 
Berzelius  Jab.  7  (1826),  185;  Ann.  ehiin.  phys,  38  (1828),  443; 
J.  des  Mines  ruaaes,  Aug.  (1827) ;  Ann.  des  Mme«  [2],  3  (1828)* 
283. 

1826:  S.  G,  Osakn.  TJntersnchung  der  ruBsischen  Platina.  (Veiy  full 
gtiidy  of  the  ore;  contains  announcement  of  three  new  metals^ 
rutlieniimi,  pliiran,  and  polin,  13  :  287.  Pluran  was  perhapa 
nitheniiim,  but  Osann's  mtheninm  and  polin  were  errors*    GlausJ 

Pt,  Pd,  Ir,  Os,  Rh,  [Ru,  Po,  PluJ. 
Ann.  der  Phys.  (Pogg.),  8  (1826),  505;  11  (1827).  311;  13  (1828).  283; 
14  (1828),  329;  Arch.  ges.Katurl.  16  (1829),  129;  Edinb.  New  PhiL 
J.  3  (1827),  276;  Quart.  J.  of  Sci.  26  flR2«),  438;  PhiL  Mag.  [2), 
2  (1827),  391;  Hensman  Repert.  de  Chiin.  Sept.  (1827):  J.  chtm. 
med.  4  (1828).  554;  Bull,  math,  chira,  (Fdnisaac),  Sept,  (ISZB); 
Mag.  fiir  Pharm.  20  (1837),  346;  24  (1828),  185;  Amer.  J.  of  ScL 
1«  (1829),  384;  Ber7.elius  Jsb.  7  (1828)»  185;  8  (1829).  206, 

182G:  6.  T.  Thomsox.  Analysis  of  the  ore  of  iridium.  (Attempt  to 
determine  atomic  weights.)  Ir,  Rh. 

Ann.  of  PhiL  (Thomson),  2  (1826).  17;  Mag.  fiir  Pharm.  16  (1826), 
353;  J.  fur  Chem.  (Schweigger).  47  (1826).  55;  Polyt  J,  (BingL). 
16  (1826),  Ul;  Ann.  dee  Mines,  12  (1826),  326;  Berzeiius  Jsb.  7 
(1828),  183. 

86:  7.    A,  J.  Balard.    M^moire  snr  une  substance  particuli^reracnt 
contenne  dans  Teau  de  la  mer  (le  brdme).    (Compound  of  plati- 
num and  bromin,  p.  362.)  Pt. 
Ann.  chim.  phys.  32  (1826),  337;  Ann.  der  Phys.  (Pogg,).  8  (1826), 
333:  J-  fiir  Chem.   (Schweigger)^  4e  (1826),  87;  Ann.  of  PhlL 


BIBLIMOKAFHY    mi     m  lT A LS   OF   TllK   PLATIXUM   GROUP 


43 


f  I,  2K  (1S26),  410:  J.  de  Pharm,   12   (1926).  517;  N.  J, 

0*  -ru  (Trommsd*).  14  (IS27>,  80. 

1^    0.    FoRCHHAKMER.     Bemaerkiiinger    over    et    nyt    diemiak 

Proremiddel     paa     Platin,     det     salpeteraure     Quikaolvforilte, 

(HgNO,,)  Pt. 

Overs.  BanEke  Vid,  Selsk.  18E6-27,  8;  J.  fur  Chem.  (Schweiggrer), 

SZ  (1K28),  3;  Mug.  fUr  Pharm.  24  (1828).  393, 

0.  H.  B.  Miller.  On  the  oxidation  of  palladium  during  its 
effecting  th<^  union  nf  \hv  liydrogeu  and  oxygen  gusf^-^  fnun  pther, 
akahol,  etr  Pd, 

Ann,  of  riuL  (Tbom&oo),  28  (1826),  20. 

[10.    J.   W*  D6BERE1.VER.     Neue  Bereitung  dcs  Platinfiuhosyds^ 

^b8ebyt  dUnner  PlttllniUKTZUg  statt  Platingchwamm;  (lebraueh  des 

jgliiinpchenfi  und  Bereitung  der  Essigsaure  im  Orossen  mit* 

deft  Platinguboxyds.  Pt. 

Arch,  ir^s,  NaturL  0  (1826).  341;  Mag.  fiir  Pharm.  18  (1827),  342. 

.     Observations  on  alloys  or  mixtures  of  metals, 

loyi  of  platmum  metak  with  copper,  molybdenuni,  bigrauth, 
I,  tin,  iron,  and  ar&enic  are  mentioned.)  Pt,  Pd,  Rh,  Ir. 

Franklin  Jour.  1  (1826),  316;  from  Dictionnaire  Technolog-ique; 
from  Th^nard,  Chimie  Klementaire. 

fl8.     W.  Nahse.     Versuche  mit  einigen  Metallon  ...  in  PorzeU 
knleiief.     (Unschmelzbarkeit  des  Platins.)  Pt. 

J,  fur  Chem.  (Schweigger),  46  (1826),  80. 

13.     J.    W.    Doberkiker.      Platinschwammbereitung    und    Ge- 
^  btnaQch.  Pt* 

■         J.  fflr.  Chem,   (Schweigger),   47    (1826),   119;  Phil.   Mag.    [2],  2 
H  (1S27),  388;  Heusman  Hep.  de  Chlm.t  BerzeUus  Jsb.  7  (1828),  130. 

It  14.    H,  B.  Miller.     Addition  to  the  list  of  substances  that  cause 
a  coil  of  platinum  wire  to  continue  in  a  state  of  incandescence, 
\etc.  Pt 

Aiui,  of  Phil,  (Thomson),  28  (1826),  21. 

M5.    J.   J.   Berzeltus.    Ueber  die    Bestimmung   der   relativen 
Anxalil  von  eiufachen  Atomen  in  chemisehen  Verbindungen. 
Amu,  d«r  Phys.  (Pogg.),  8  (1S2C),  178.  Pt,  Pd,  If,  Hh,  Oa. 

■  16.    S,  JLiHiAKlNi.     Exi>encnces  pour  determiner  la  force  elec- 

trorootrice  relative  des  conducteurs  de  la  meme  classe.  Pt. 

Amiu  ebim.  phya.  33  (1826),  14:  from  SaggJo  di  enperienze  elec- 

tromotriche  Ac.  Venexia,  1S25:  J.  fiir  Chem.  (Sch^veigger),  17 

(1S27),  47. 


44 


BIBLIOGRAPHY   OF  METALS   OF  THE   PLATINUM   QUOVT 


1827:  1.     N,  Mamyscheff,     Beschreibung  der  Entdeckiing  der  Platina 
in  Siberien.  Pt* 

Ztsch.  fiir  Min.  (Leonbard),  1827,  265;  BerzeUns  Jsb,  8  (1829),  202. 

1827:  2.    A.   T.   Kupffee.    Ueber   das   Vorkommen   des   Platins   in 
Sibirien.  R. 

Arch.  geg.  NaturL  12  (1827),  236. 

27:  3.    — — — — — .     Snr  le  niiii6rai  de  platiue  de  Sibfirie*  Pt* 

J,  des  Mines  ruas,  Aug.  (1827);  Ann.  des  Mines  [2],  3  (1828),  284. 

i27:  4.    .     (Platmum  mines  of  the  Ural  mts.)  Pt. 

BiiL  Unir.  Sept.  1827;  Amer.  J.  of  Sci.  14  (1828),  204. 

27:  5:     A,  von  Humboldt.     Grosse  der  Komer  von  gediegenem" 

Platin.  Pt. 

Ann.  der  Phys.  (Pogg.),  10  (1827).  487;  Ann.  cbim.  pbys.  37  (1828), 

222;  Amer,  J.  of  Sci.  16  (1829).  389;  Bull.  math.  chlm.  (F6ru»> 

sac)»  Nov.  (1828);  Berzelius  JBb.  8  (1829),  203;  Mag.  fiir  Pbsmu 

28  (1829),  129, 

1827:  6.    Arkhipoff.     Nouveau  moyen  d^extraire  I'or  dii  mineral  de 
platine.  Pt* 

J,  des  Mines  russ.  ;  Ann,  des  Mines  [2],  1  (1827),  174^ 

1827:  7.    .     Tafel    der    Atomengewichte    der    einfachen 

Korper  und  deren  Oxyde.     (Atomic  weights.)  Pt»  Pd,  Rh» 

Ann.  der  Phjs.  (Pogg.),  10  (1827),  340. 

1827;  8.     6.  Osanx.    Merkwiirdiges  Yerhaltniss  des  Eigengewichts  p«l- 
verisirter  Korper  zii  ihren  Atomengewicliten.  Pt. 

Arch,  ges,  NaturL  12  (1827),  487, 

1827:  9.    J.  B.  vax  Mons.     Salzsaures  Platin.     (Verfliichtiguag  eincB 
weisses  Precipitiits  unit  Chlorplatin.)  Pt. 

.A.rch.  gee,  NaturL  10  (1827),  59. 

1827:  10.    P.  A.  von  Bonsdorff.    Extrait  d'une  lettre  k  M»   Qm; 
Lu&sac.     (Combination  of  chlorplatinic  acid  with  copper,  zinc, 
manganese,  iron,  etc.,  chlorids,)  Pt- 

Ann.  chim,  phya.  34  (1827),  145;  J.  fiir  Cbem.  (Schweigger),  4^ 
(1827),  324, 

1827:  11,     :    (Note  on  double  chlorids  of  platinum  and  pal- 
ladium.) Pt,  Pd, 
Ann,  derPbys,  (Pogg.),  11  (1827),  124. 

1827:  12.     N,  W.  Fischeh.     Zur  Oeschichte  des  Arseniks.     (Rauch«-'a 
dos  mil  Platin  iiberzogenen  Arseniks  nach  Erhitzen,  p,  228.)     Ft. 
Arch.  ges.  Naturl.  11  {1827).  224, 
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ItA.  E,  MiTSCHKRLiCTH,  Ueber  eine  neue  Oxydationsstufe  des 
Sdens.  (Einwirkung  der  Selensaure  auf  Pktin,  p.  630.)  Pt. 
Ana,  der  Phjs,  (Pore-)t  9  (1827),  623;  Ann.  chim.  phys,  36  (1827), 

100;  Edlnb.  J.  of  Sd.  8  (1828),  294;  Quart,  J,  of  Sci*  2  (182T)» 

<7L 

13,  K.  W,  Fischer,  Zur  Qeschichte  dcs  Palladiums,  (Verhaitea 
m  d^li  Siiuren,  p.  192;  zu  Reagentien,  197;  Doppelsalze.  200,)  Pd. 
Jp  fiir  Chexn.  (Schwelgger).  51  (1S27).  192;  PhU.  Mag.  [2],  4  (1828), 
»30;  Heuaman  Rep.  de  Chim,  Feb.  (1828);  Ann.  de«  Miaes  [2],  5 
(ia20),  168:  Berzelms  Jab.  8  (1829),  183. 

[H.    K*  W,  Fischer.     Beitrage  zur  Kenntniss  der  Erzmetalle. 
(Propcfiies  of  platinum  and  palladiuin,  p.  227,)  Pt,  Pd. 

Aieb*  gca.  Katorl.   13   (1828),  223;  from  Bui.  d.   nat.  wisa.  Seot. 
d.  Schleslachen  GeseU.  fUr  Vaterland.  Cultur,  1327. 

K.  W.  FiscHEK.  Metallreduction  auf  nassem  Wege,  durch 
mdere  MeUlle.  (Palladium,  9  :  256  and  10  :  607.  Osmium, 
18  ;  A99.    Platinum,  palladium  and  osmium^  12  :  504.) 

Pt,  Pd,  Os. 

Attn,  der  Phys.  fPogg.).  9  (1827),  256;  10  (1827),  607;  12  (1828),  499. 
504;  J.  de  Pharm.  10  (1830),  133, 

^  J.  EiCHFELD.     Eine  Erfindung  das  Platin  zu  schmelzen. 

Pt. 
jotiriial  d^Odessa,  1827.  63;  BuL  d.  Sci.  tecb.  (1828),  280;  J.  teehn. 

Cbcm.  2  (1828).  402;  Polyt.  J.  (Dingier).  28  (1828),  477;  J.  Prank. 

iQfit.  [2],  2  (1828),  249;  Berzeliua  Jsb.  9  (1830)»  106. 

!?•    K.  W.  0.  Kastnbb,     Durchscheinbarkeit  des  Platins,     Pt. 
Af«^.  g«fl.  Naturl.  10  (1827),  490  (foot-note). 

18.  T.  Cooper.     Kxporiments  and  observations  on  some  alloys  of 
itinum.     (Alloys;  speculum  metal  containing  platinum,)       Pt. 

Fnuiklln  Journ.  3  (1S27),  198;  Tcchn.  Repository.  1  (1837),  13;  J. 
teoha.  Chcm.  I  (1828).  350;  Polyt.  J.  (Dingier),  25  (1827),  401. 

19.    .     (Notes  on  alloys  of  gold,  palladium  and  rho- 

fium,)  Pd,  Bh. 

Asm,  der  Phym.  (Pogg.),  10  (1827).  321. 

to,     [J.  R.]  Breant.     (Siphon  of  platinum.)  Pt. 

J*  de  Pharm.  June,  1327;  J.  fur  Cbem.  (Schweigger),  50  (1S27). 
3S3. 

21.    C.  Dkspretz.     Sur  la  conductibilit^*  des  principaux  meiaux 
et  de  quelques  substances  terreuses.     fConductivitv  of  platinum.) 

Pt. 
Ann.  ohini.  phys.  a«  (li?2T),  422;  Ann.  der  Pbya.  (Pogg.),  12  (1838)« 
882;  Quart,  J,  of  ScL  1  (1828),  220, 
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1827:  22.  W.  S.  Habris.  On  the  relative  powers  of  Tarious  ; 
substances  as  conductors  of  electricity.  (Conductivity  c 
num.) 

Phil.  Trans.  London,  107  (1827),  18;  Proc.  Roy.  Soc  Lo 
(1833).  298;  Ann.  der  Phys.  (Pogg.),  12  (1828),  280;  Bui 
chim.  (F^ruBsac),  8  (1827),  33. 

1828:  1.  M.  YON  Enoelhabdt.  Die  Lagerstatte  dea  Gold 
Platins  im  Ural-Gebirge.    Riga,  1828.  R,  Pd,  Ir, 

Mag.  fiir  Pharm.  24  (1828),  193  (quite  fuU);  Arch.  gca. 
21  (1831),  160. 

1828:  2.  F.  H.  Bemerkungen  iiber  die  Lagerstatte  des  Plal 
Ural. 

Ann.  der  Phys.  (Pogg.),  13  (1828),  566. 

1828:  3.    .    Native  platinum  from  Nijne  TaguikkL 

Monthly  Mag.  Feb.  1828;  Phil.  Mag.  [2],  3  (1828),  232. 

1828:  4.     C.  M.  Marx  tjnd  andere.    Platinamassen  von  betiid 
Grosse  und  Eeichthum  an  Platin  und  Gold  im  Ural. 
J.  fiir  Chem.  (Schweigger),  54  (1828),  466. 

1828:  5.    .    Largest  known  masses  of  native  platini 

Edin.  N.  Phil.  J.  4  (1828),  185;  Phil.  Mag.  [2],  4  (1828),  306. 

1828:  6.    A.  Breithaupt.    Die  Krystallisation  der  Markase. 
min,  p.  171.) 

J.  fiir  Chem.  (Schweigger),  52  (1828),  165. 

1828:  7.    A.  Breithaupt.    Notiz  iiber  Verkauf  des  russiBchen  '. 

J.  fiir  Chem.  (Schweigger),  52  (1828),  109;  PhiL  yUg.  [8],  4 

458. 

1828:  8.    .    Miinzen  aus  Platina.     (Note.) 

Mag.  fur  Pharm.  23  (1828),  229;  Ann.  of  Phil.  (Thomson) 
Dec;  Edinb.  N.  Phil.  J.  6  (1829),  197. 

1828:  9.    J.  J.  Berzelius.    Forsok  ofver  de  metaller  som  itfoQ 

nan  samt  ofver  sattet  att  analysera  Platinans  nativa  leg 

eller  Maimer.     (Atomic  weights,  salts^  ozalateSy  sulfate 

(Considered  ruthenium  as  iridium.)     (Rhodium  salts,  p.  8S 

dium  salts,  46;  iridium  salts,  59;  osmium  salts,  81;  sepan 

platinum  from  ore,  103;  platinum  sulfid,  114.)     Pt,  Pd,  Ir, 

Kong.  Vet.  Acad.  Handl.  (Stockholm),  1828,  25;  Ann.  ebia 

40  (1829),  51,  138,  257,  337;  Ann.  der  Phys.  (Pogg.),  IS 

435,  527;  J.  techn.  Chem.  3  (1828),  465;  Phil.  Mag.  [2],  S 

395;  6,  146;  Amer.  J.  of  Sci.  18  (1830),  162;  Polyt.  J.  (IK 

30  (1828),  315;  Oken,  lais,  22   (1829),  279;  Quart  J.  d 
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(1820)«  174:  Ann.  des  Mines  [2],  5  (1S29),  ri26;  Mag.  ftir  Pharm, 
26  (1!!29),  106,  279;  Berzelius  Jsb,  d  (1830),  114,  163,  169.  171,  180, 
m;  10  (IflSl),  112, 

0,  P,  A*  vox  BoNSDORFF.  Bidrag  till  afgorande  af  fragan  om 
CMnr,  lod.  m.  fl.  metalloider,  i  likhet  med  syre,  arc  s>Ta-  och  bas- 
bUdiuide  Kroppar.  (Chloroplatinate€»  and  bromoplatiBatea  and 
panadinatcii.)  Pt,Pd. 

Kong,  Wt.  Acad.  Handl.  Stockholm*  1828»  174;  1830.  117;  Ann.  der 
Pbys.  (Vogg.),  17  (1829),  247;  18  (1829).  331:  19  (1830).  337; 
Ann.  chira.  phys.  44  (1830),  189,  244;  Ann.  dcs  Mines  [3],  I 
(18331),  409.  411. 

G.  iLAONTTs,     Ifeber  einige  neue  Verbindungen  des  Platin- 

chloritrs,     (Salt  of  Magrms.  first  platinum  base.)  Pt. 

Amu  der  Phya,  (Pogg,),  14  (1828).  239;  Ann.  chim.  pbys.  40  (1839), 

UO;  Qoart.  J.  Sci.  1   (1829),  420;  Ann.  des  Mines  [3],  1  (1832). 

148;  BcfaceUitfl  Jsb.  9  (1830),  159;  Mug.  fur  Pharm.  26  (1829).  297. 

[lJ»     J*  W,  DoBEHEiXEH.      Vermischte  chemische  Erfahrungeu 

Platina.     (Precipitfttion  by  zitic,  decompoBition  of  carbon 

orid  by  dr}*  oxid  of  platinum,  platinum  sulfid.  and  platinum 

leiierzeug.")  Pt. 

J*  fCir  Chem.  (St-liweigger).  54  (1828),  412;  Amer.  J.  of  Scl.  18 
(18:?0),  1:^1;  Quart,  .1,  Sci.  2  (1829),  196;  Ann.  des  Mines  [3].  1 
(1832).  141;  Mag.  ftir  Pharm.  26  (1829).  298. 

IS.  K .  W.  FiscHEH.  Beitrage  zur  niiheren  Kenntniss  des  Platins 
uni  die  mit  dcinselben  in  Verbindung  vorkommenden  Metalle, 
namentlicb  des  Hhodinnis  und  Iridiums.  (Action  of  various 
reagentif,  zinnsalz.  bydmgen  sulfid,  &c.)  Pt.  Pd,  Ir,  Os,  Eh. 

J.  Ifir  Cbem*  (Schweigger).  53  (1828),  108;  Mug.  fiir  Pharm.  24 
(lasa),  304;  26  (1829),  295. 

'  II.    I^   Kralovakszky.    VermUcUte  chemigche   Bemerknngen 
Lithium,     (Action  of  lithium  on  platinum.)  Pt. 

J.  fur  Chem.  (Schwelgger),  54  (182S),  232.  346. 

O*  WetzlaB.     Beitrage  znr  chemischen  Geachichte  des  Sil- 
fliefs.     (BecogQition  of  palladium  by  action  of  copper  chloride  p. 
474.)  Pd. 

J.  liir  Cbcm.  (Schweigger).  52  (1823).  466. 

It    ^- — .     Ueber  die  Wirkung  zwiachen  Gold  und  Silbpr 

ctarren  Zustande  und  die  Legirung  von  Gold  und  Platinum. 
Ann*  der  Phya.  (Fogg.).  14  (1828),  525.  Pt. 

(M.    0.  L,   Ekbmann*     Technifiche   Anwendbarkeit  des   rohen 
Ph^a.  Pt 

J.  Uchu.  Chem.  1  (182S),  362. 
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1828:  18.  0,  L.  Erbmann.  TJeber  Dobereinert  Raucherlampchen  und 
das  Platiniren  des  Glases.  Pt. 

J.  techn.  Chem.  3  (1828),  395. 

1828:  19.  0.  L.  Ebdmann.  Seebeck's  Priifung  der  Platina  auf  ihre 
Eeinheit  durch  Thermomagnetiemus*  Pt, 

J.  techn.  Chem.  2  (1828) »  89. 

1828:  20.     J.  Zuber.     (Platinimng.)  Pt- 

BuL  Soc.  Itiduat.  Mnibouse,  4,     ;  J.  teehn,  Chem*  2  (1828),  527. 

1828:  21.  Labonte  axd  Depuis.  (Verfahren  Kupfer  mit  Platina  zti 
plaqiiiren.)  Pt 

Descn  d.  machlDes  dans  les  brevets^  par  Chrifitian,  182S,  S23; 
Rep.  of  Tat.  Inventions.  June.  1828,  580;  Polyt  J.  (Dingier),  33 
(1829),  129;  J.  Frank.  Inst.  [2],  a  (1830),  176. 

1828:  22.    J.   S.   C.   Schweigger.     Ueber   Nobili'a   elektrochemischen 

Figiiren.     (Platiniim  plating  on  glass.)  Pt 

J.  fxir  Chem.  (Sch weigher),  54  (1828),  59, 

1828:  23.  J.  P.  J.  D'Arcet.  Ueber  die  Scheidung  des  Ooldes  und 
Silbers  vom  Kupfer  mittelst  Sehwefelsaure.  (Use  of  platinum 
vessels.)  Pt. 

Eecueil  Industriel,  Dec.  1828;  from  M^moire  on  Inatructions 
relative  to  the  Art  of  Refining,  Paris»  1828  (or  1827?);  J.  techn- 
Chem.  4  (1829),  424:  Polyt.  J.  (Dingier),  31  (1828).  281;  BibL 
Univ.  Apr.  1829;  Amer.  J.  of  ScL  17  (1830),  179. 

1828:  24.    K.  W.  G.  Kastnbr.    Giite  und  Preis  des  Ntiraberger  Blatt- 

t3nd  Maler-Platin.  ^^ 

Arch,  ges,  NaturL  14  (1S28),  162. 

1828:  25.     N.  W.  Fischer.     Zur  Geschichte  des  Platins,     (Warmelei- 
tung  des  Platins,  also  chlorids  of  ammonium  and  platinum.)     Pt. 
Arch,  ges.  Naturl,  14  (1828).  145;  J.  techn.  Chem.  3   (1828),  263; 
Quart.  J.  of  Sci.  5  (1829),  193;  Berzelius  Jab.  9  (1830),  109,  113. 
161;  Mag.  fiir  Pharm.  24  (1828),  347. 

1828:  26.    L.  Schwartz.     Sur  la  mesure  des  liautes  temperatures.    Pt. 
Bui.  Soc.  IndoRt  Mulhouse,  1  (1828),  22;  J.  techn.  Chem.  2  (182S). 
341. 

1828:  27.     C.  H.  Pfaff.    Ueber  die  sogenannte  elektrische  Ladung  der 
Metalle  im  Kreise  der  voltaischen  Saule.     (No  change  in  plati- 
num \rire.)  Pt. 
J.  fiir  Chem.  (Schwei^ger),  53  (1828),  401. 

1828:  28.     Ditblano.     (Platinum  cMorid  test  for  iodin.)  Pt. 

Berzelius  Jsb.  7  (1828),  148. 
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'a.  T,  Kupffeb.     Versuch  einer  geognoBtischen  Schilderung 
!  (k«  Vnh,     (Occurrence  of  platiDimi,  p.  28S.)  Pt, 

Ann,  der  PhyB,  (Pogg.),  16  (1829),  260, 

— .     Platingewinniing  am  Ural  (Ausbeute).         Pt, 


Ann.  der  I'hys.  (Poir^,)*  15  (1829),  52;  J.  t^chn.  Chem.  5  (1829). 
101, 


3. 


— ;     (Platinum  in  Ural  mts.|  Pt. 

**  From  tt   rntasian   Journal";   Amer.  J.  of  ScL   18    (1830)»  100; 
PliiL  Mag,  [Z],  7  (1830),  59:  BibL  Univ,  July,  lS2t>  [1830?]. 

J.   C.   L.  ZixcKKK.     Ueber  dag  Palladhiin   im  Heraogthimi 

[  Anhalt*Bernbiirg.  Pd. 

Ann.  der  Pfeys.  (Pog^.),  16  (1829),  191;  J,  techn.  Chem.  6  (1829). 

235;  J.   fur  Chem.    (Scliweigg«r),   56   (1825),   487;  Ann.  chlm. 

phy».  44  (1850),  20ri;  Aun,  des  Mines  [a],  1  (1S3S).  447;  Berzelius 

Jib.  10  (1831).  l*n:  11  (1832),  202. 

BF.XECKE  AXD  RiENECKER.     Ucber  das  Selen-Palladium  bei 
[Tflkernde  im  Jlarze.     (Arbeit.)  Pd. 

O.   OsAKK.      Berichtigimg,   meine    Analyse   des   urarschcn 
'TUliitt  bctrcffend.     (No  new  metal  present,) 

[Rii,  Po.Pliu]  Pt,Pd.Ir,08,Rh. 
Ann.  der  Phya.    (Hogg)*   15   (1H29),   158;  Arch,  ges,   Xaturl.   IC 
(l«29K  129;  Mag.  fur  Phornj.  26  (1829).  294. 

W*  IL  WoLL.\STOx.     Sur  la  preparation  du  palladium.       Pd. 
Ann.  dilm.  phya.  41  (1829).  413. 

W.  H.  WoLiiASTON.     Sur  la  preparation  de  rosmituiL        0«. 
Ann.  cUim.  phys.  41  (1829),  414* 

X  J,   BEB2ELIU8.     Einige  nachlragliche  Bemerknngen  iiber 
Idaa  Indium  tiod  das  Ofimium.    (Continued  from  1828  :  9,)  Ir,  0«* 
Ann,   drr   Phy*.    (Pogg.)»    15    (1829),   208;   Ann.    ehim.   pbys.  42 
(l(iS9)«  185;  Ann.  des  Mines  [3]«  1  (1832).  144. 

[10.    W.  C.  Zeise.     Om  Platin  chloridet.     Harniae  (Coi>enhagen), 
1830.  Pt. 

OvtnigU  Danske  Vid.  Sets,  1829-30,  21;  Afhandl.  Danske  Vid*  Sela. 
(1S3S),  55. 

\IL    [E.]  iy\yr.     Fulniinic  acid.  Pt- 

Roy,  8oe,  Dublin.  1SL'V>:  Berzelius  Jsh.  12  fl83:n.  95.  121:  Phiinn- 
Centrbl.  1835,  8. 

It.    J.J,  BF.RZELn'8-    Eine  besnndere  Art  von  Plafinsalzen.  (Or- 
nAtiw  nljitlrnini  LMjmpound,  probably  '*  Acechlorplatiu  **  of  Zeise.) 

Pt. 
IW  ),  162;  Aon.  der  Phys.  (Fogg.),  16  (1829).  82; 

>  ^  (1829),  316, 
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1829: 


1829: 


13,    J,  L.  Lassaigxe.    Sur  les  coinbinaisons  de  Tiode  avec  le 

mangan^Be,  le  fer,  et  le  platine.  PL 

J.   chim.  med.   5   (1829),  330:  Ann.  des  Mines  [3],  1    (1832),  114; 
Berzelius  Jsb.  10  (1831),  152. 


14,    K.  W.  G.  Kastner.  Unerwartetes  Seduction  der  aiifgelosted 

Platinoxyds,  durch  Aether.  Pt. 

Arch.  ^es.  NaturL  18  (1829),  388. 

1829:  15,    L,  H.  Zenkeck,    TJeber  das  pneumatische  Yorhalten  einiger 

Metalle  zur  Salzsaure.     (Platinum  in  hydrochloric  acid,  p.  101.) 

(Platinum  foil  helps  solution  of  metals  in  hydrochloric  acid,  p. 

108.)  PL 

Arch.  ges.  NaturL  17  (1829),  98, 

1829:  16,  W.  A.  Lampadius,  Einige  neue  Erfahrungen  iiber  das  Ver- 
halten  des  Silbers  gegen  Platin.     (Alloy  and  separation.)  Pt. 

J.  techii.  Chem.  4  (1829),  27y;  Ann*  des  Mines  [3],  1  (1832).  412. 

1829:  17.  W,  A.  Lampadius.  Zerlegung  der  Iridchloride  durch  Plat- 
inmetalle,     (Also  iridium  alloys  and  separation.)  Pt,  Ir* 

J.  techn.  Chem,  C  (1820),  453;  11  (1831),  l;  Ann*  des  Mlfics  [3].  I 

(1832),  412. 

1829:  18*     N.    W*    Fi8€her.      Ueber   Metallsuperoxyde.      rPalladium 

superoxyd,  p.  218.)  Pd. 

Arch.  ges.  NaturL  16  (182d),  214;  Mag.  fiir  PhArm.  2^  (1829),  317. 

1829:  19.  N,  W.  Fischer.  TJeber  die  Wiederherstellung  der  Metalle 
durch  Stickatoff.  (Reduction  of  palladium  on  evaporation  by  the 
nitrogen  of  the  air;  also  observations  (p.  459)  by  Kastner.)  Pt.  Pd. 

Arch.  ges.  NaturL  18  (1829),  105,  457;  Ann.  der  Phys,  (PoggO>  17 
(1829),  137,  479;  Anier.  J.  of  ScL  li)  (1831),  .^7L 

1829:  20.  W.  H.  Wollaston.  On  a  methoS  of  rendering  platina  mal- 
leable. (Bakeriau  Lecture,  1828,)  (Also  palladium,  and  the 
obtaining  of  the  oxid  of  osmium  in  a  crystalline  state.) 

Pt,  It,  Os,  Pd. 

PhiL  Trans.  London,  119  (1829),  1;  Proc.  Boy.  Soc  LondoiL,  2 
(1833),  352;  Ann.  ehini-  pbys.  41  (1829).  403;  J.  techn*  Chem.  5 
(1829),  235;  6,  221;  Ann.  der  Phys.  (Pogg.),  15  (1829),  299;  16^ 
158;  J.  fiir  Chem.  (Schweigger),  55  (1829),  376;  55,  253;  57»  69; 
PhiL  Mag.  [2],  5  (1829),  65;  6,  1;  Polyt.  J.  (Dingier).  31  (1829), 
76;  32,  1^9;  34,  1;  Quart,  J.  of  Sci.  6  (1829),  97;  J.  Frank.  Inst^ 
[2],  4  (1829),  226;  BibL  Univ.  41  (1829).  128;  Mecb.  Mag.  2T^ 
(1828),  319;  Arch.  ges.  XaturL  17  (1K29),  113;  Berzeliua  Jsti.  ^ 
(18r;0),  107;  Mng,  fur  PhartiK  2S  n829),  314. 
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:  21    J,  N.  Planiava,    Bereitimg  eines  leicht  ziindeuden  Platin- 
idiwammes*  Ft* 

Ztsdu  fiir  Phys.  (Baumgartner),  5  (ISaO),  9;  J.  techn.  Chem.  i 
(1829),  121. 

II.    X  TON  I.ISBIG.     Sur  le  pr6cipit6  noir  de  platine  de  M.  Kd- 
mond  Davy,  et  eur  la  propri6t6  de  Ttponge  de  platine  d'enflamnier 

»niydrogene.  Ft. 

Ann.  chim.  phys,  42  (1829),  Z16;  Amer.  J.  of  Sci.  IS  (1830),  398; 
^       Ann.  der  Pbye,  (Vogg.),  17  (1829).  XOl;  J.  techn.  Chem,  e  (182li), 
y        467;  J.  Frank.  Inst,  [2],  G  (1830),  269. 
23.    P,  W6HLEE.      Increased  combuBtibility  of  carbon  by  plnti- 
iittm.  Pi 

_  Qaart.  J.  of  Sd.  6  (1829),  178;  PbiL  Ung,  [2],  6  (1829),  394, 

|R  M.  J-  W.  D6b£REIN£H.  Zw  weiteren  Kenntniss  der  chemiscben 
Pynamik  des  Platins,  etc,  (Platiniren  des  Glasea.)  (Quantita- 
ti?t  Bettlmmnng  des  AUcohols  raittelst  PlatinauboxydiiL)        Pt. 

Areh.  ge«.  XaturL  16  (1829),  111;  J.  techn,  Chem-  4  (1829),  496;  5 
(18«9).  103;  Berzelius  Jsb.  10  (1831),  111. 

2^.  T.  Qhaham.  On  the  application  of  spongy  platinum  to 
indiometry,  Pt. 

Qosrt.  J.  Sci.  2  (1829),  354;  J.  techn.  Chem.  8  (1830),  20;  BibL 
Brit.  [2],  43  (1830),  387. 

A.  C.  Becquerel,    Be  pouvoir  thermo-^lectrique  de6  m^tani. 
(Copper-platinum  and  iron-platinum  couples.)  Pt. 

Antu  chtm.  phya.  41  (1829).  353;  M£m.  de  Tlnst.  Paris,  10  (1831), 
257;  Arm,  der  Phys.  (Pogg.),  16  (1829),  306;  17,  535;  J.  fiir  Chem. 
(8chw€igger).  57  (1829),  302. 

17.  C.  Dbspretz.  Observations  sur  lea  modifications  que  Bubis- 
lent  lea  ro^taux  dans  leurs  propri^tds  physiques,  par  Taction  com- 
trtn4e  du  gaz  ammoniacal  et  de  la  chaleur.  (No  change  in  pkti- 
num.  p-  11^9.)  Pt. 

■  Am.  chlm,  phys,  42  (1829),  122;  Ann-  der  Phys.  (Pogg.),  17  (1829), 

^^^      toe;  J.  fiir  Chem.  (Schwelgger),  58  (1830),  226;  Quart.  J.  of  Sci. 

^^m     I  (ia30),  201. 

■L    IL  VON  Ekoelhardt.    Die  Lagerstatte  der  Diamanten  im 
H  Ural-Qebirge.    Biga,  1830.     (Occurrence  of  platinum.)  Pt. 

H         Arch.  gea.  Naturl.  21  (1831),  160* 

Bl    IL   TDK   Ekgelhaebt.    Vorkommen   des   Platina   in    dera 


Porphyr, 

Afta«  derPhys.  (Pogg.),  20  (1830),  532. 


Pt. 
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1830:  3.  C.  M,  Marx.  Ueber  die  von  Struve'sche  Mineralien-sainni- 
lung,     (Description  of  platinum  and  iridosmium*)  Pt,  Os,  Ir, 

Arch.  ges.  NaUjrl.  19  (1830),  370. 

1830:  4.    A.  von  Humboldt.     (Platin-Ansbeute.) 

Ann.  der  Phya.  (Pogg.),  IS  (1830),  273;  Arch.  ge».  NaturL  21  (1831), 

161. 

1830;  5.  Quesneville,  fil6.  Une  methode  pour  separer  rosmium  et 
Firidiiun  de  la  mine  de  platine.  (Read  at  Soc,  de  Pliann.,  Aug* 
11,  1830.)  Pt,Ir,Os. 

J.  eliim.  mM.  6  (1830),  668;  J.  de  Pharm.  16  (1830),  557;  Folyt.  J. 
(Dingier),  40  (1831),  73;  Berzelius  J&b.  11  (1832)»  144. 


1830:  6.    J.  J.  Berzelius.     Oxyde  des  Platins. 
Berzeliua  Jsb.  9  (1830),  110. 


Pt, 


1830:  7.     J.   VON  Libbig.     Keue  Erfahrungen  iiber  J.  [1 E.]   Daiy's 

8ogi*nanatea     fialpetrichtsaures     Platinoxyd     oder  Dobereiner's 

Platinsuboxyd.  Pt 
Mag,  fiir  Pharm.  29  (1830)»  101. 

1830:  8.     L.  Ht^NEFELD.    Ueber  zwei  neue  Doppelsalze  aus  Chlor,  Zink 
und  Platin.     (Zinc  platino-  and  platini-chlorid.)  Pt. 

J.  fur  Chem.  (Schweigger).  GO  (1830),  197;  Arch,  ges  NaturL  21 
(1831),  471;  Berzelius  Jsb.  11  (1832),  191. 

1830:  9.     N".    W.    Fischer.     Bemerkungen    iiber    die    Platinmetalle. 
(PhosphoTsanres  Rhodimnoxyd  u.  s.  w.)  Pt,  Pd,  Os,  Ir,  Bh. 

J.  fiir  Chem.  (Schweigger),  18  (1890),  256;  Berzelius  Jsb.  11  (18SS)» 
143;  Mag.  fiir  Pharm.  32  (1830),  314. 


9a. 


Seleniuret  of  palladium. 


Pd. 


Edinb.  J.  of  Sci.  [2],  3  (1830),  358. 

10.  G.  F.  Wach.  Ueber  daa  Phanomen,  welchea  von  Dutrochei 
mit  dem  Ansdrncke  Endosmose  und  Exosmose  bezeichnet  wxirde^ 
und  daran  sicb  reihende  Beobachtungen  iiber  Metalivegetationen. 
(**  Platinvegetation.")  Pt, 

J,  fiir  Chem.  (Schweigger),  58  (1830),  60. 

11.  G.  OsANN.     (Specific  gravity  of  platinum,  etc*)  Pt 
Arch.  Chem.  (KastneJ-),  1  (1830),  58;  Pharm.  CentrbU  1831,  291. 

12.  K.  W.  G.  Kastner.  VervoUkommnimg  des  Platin* 
schwamms.  Pt. 

Arch.  ges.  NaturL  20  (1830),  425;  Pharm.  CentrbL  1831,  275, 
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SO:  13.    M.  Fahapay.     On  the  manufacture  of  glass  for  optical  pur- 

poees  (Bakerian  Lecture,  1829).     (Use  of  platinum  for  Tcssels,  p. 

16;  preparation  of  spongy  platinum,  p.  56.)  Pt. 

Phil.  TraiiB.   London,   120   (1830),    1;  Proc*   Roy.   Soc.   London,  2 

(1S33),  3SH:  Ann.  der  Phys,  (Pogrg.),  18  (isao).  556,  577;  J.  tecbn. 

Chenu  ft  (1830),  113;  Ann*  cbim,  phjs,  45  (1830),  225;  Froriep, 

Notlzen,  27  (1830)»  116* 

Kk  14    \\\  A,  LAMFADiuti.     Einfaches  Verfahren  Kupfer  und  Hea- 
ring init  SilWr  und  Platin  zu  bedecken.  Pt. 
J,  techn.  Cbem.  8  (1830),  52. 

U:  15.    J.  F.  Daniell.     On  certain  phenomena  resulting  from  the 
ttctioD  of  mercury  upon  different  metals.     (Mercury  on  platinum*) 

Pt. 
J.  Boy.  InBtltution,  1  (1831).  l;  Anxi.  der  Phys.  (Pogg.),  20  (1830). 
£60;  BlbL  BHt.  [2],  4(S  (1831).  32. 

P.  GOBUL.     Magnetigche  Reaction  des  Platins.  Pt, 

J.  fiir  Chem.  (Sch weigher),  60  (1830),  415;  Edinb*  N.  PbU,  J.  11 
(lii31),  3HS. 

fl7.    .     (Imitation  of  platinum  by  copper  rinc  alloy.) 

Qeeueil  IndumU  Apr.  1830;  Amer.  J.  of  Sci.  22  (1832),  383.  Pt, 

lis,    W.  E.  Wkbeb.    TJeber  die  gpecifische  Wamie  fester  Korper, 

[  inibetondere  der  Metalle.  Pt. 

Ana.  der  Pbyn.  (Pogg.),  20  (1830),  178;  BerzeUtis  Jsb.  11  (1832).  13. 

N.  W.  Fischer.    Zur  Warmclehre,  besonders  in  Hiusicht  auf 
Leitungavermogen  des  Platine.  Pt. 

Attn,  der  Pbys.  (Vogg,),  19  (1830),  507;  BerzeUus  Jsb.  11  (1832),  13. 

' .     On  the  gold,  silver,  and  platina  of  Russia.     Pt. 

FenUicrstonebaugb's  Amer.  J.  of  Oeol.  Sept.  1831;  Edinb.  X.  PhlL 
J.  13  (1832),  189. 

J,  N-  FtirHii.     Platingeschiebe  von  ausserordentlicher  Gro8se 
^Ton  Niicho  Tagilsk.  Pt. 

J.  fOr  Chem.  (Scbweigger),  62  (1831).  94. 

.    Yerkauf  von  Osmium  Iridium.   (Price.)  Da,  Ir. 

J.  tc«tin.  Chem.  10  (1S31),  144. 

W.  C.  Zeise.     Von, der  Wirkung  zwischen  Platinchlorid  und 

BAtkohcil,  und  von  den  dabei  entstehenden  neuen  Substaiizen.  Pt, 
I.  der  Pbys.  (Poifir),  21  (1S31).  497;  J.  fur  Chem.  (Scbweig^ger), 
t  (1»31).  3^3;  63,  121;  Mag.  fiir  PhHrm.  35  (1831),  105;  Pbarm. 
mirbl.  2  (1831),  677.  Cn;  BervcUus  Jsb.  12  (ISSS),  300;  Mag. 
hr  Pharm.  36  (1831),  104. 
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1831:  5.     W.    C.    ZEI3E.     Kulbrintet    Chlorplatin-«mmoniak    [1831] 
(Gekohlenwasserstoftes  Cblorplatin-Anunoniak.)  Pt. 

AfhandL  Danske  Vid.  Sels.  5  (1832),  141;  Oversigl;.  Danske  Vid. 
Sels.  1830-31,  2i[  J.  fiir  Chem.  (Schweigger),  63  (1831),  136; 
Ann.  dcr  Phys.  (Pogg-.),  21  (1831),  542;  Edfnb.  J.  of  8ci.  6 
(1832),  328;  Berzelins  Jeb,  12  (1833),  300, 

1831:  6.  A.  CoNKELL.  On  the  acidification  of  iodine  by  means  of 
nitric  acid.     (Iodic  acid  has  no  action  on  platinum.)  Pt. 

Edmb.  N.  Phil.  J.  11  (1831),  72;  J.  fiir  Chem,  (Schweireer),  62 
(ia3l),  495;  Amer.  J,  of  Sci.  21  (1832),  376. 

1831:  7.  A.  C.  Becqueeel,  Du  carbonate  de  chaux  cristallifii,  et  de 
Taction  simultan^e  des  matieres  sncrees  ou  mucilagineusee  sur 
quelques  oxides  metalliques,  par  FintennMiaire  des  alcalis  et  d^ 
terres.     (Action  on  oxid  of  platinum*)  Pt 

Ann,  chim.  phys,  47  (1831),  5;  J.  chim.  m^d.  7  (1831),  297;  Pharm.  _ 
Centrbl.  1831,  415. 


1831: 


1831: 


8.     J.    W.    DoBEBEiNEB.     Zersetzung    des    Platinehloridfi    von 

Oxfllsaure  und  oxalsauren  Salzen  am  Sonnenlicht.  Pt. 

J,  fur  Chem.  (Schweigirer).  62  (1831),  94;  Pharm.  Centrbl.  1831, 

383. 


9.     J.  W.  DoBEREmER.     Ueber  Oxal-,  Ameisen-.  und  Essigsaure. 
(Action  of  platinum  black.)  Pt 

J,  fur  Chem,  (Schweigger),  63  (1831),  232. 

1831;  10.    F.    W.    SchweioqeB'Seibel.     Nachtrag    zu    Dobereiner's 
Oxal-j  Ameisen-  und  Essigsaure.  Pt. 

J,  mr  Chem.  (Schweigger),  63  (1831).  234. 

1831:  11.    P.  W.  Schweigoeb-Seidel.    TJeber  Platinagliihlampen  nnd 
Lampenessig.  Pt. 

J.  fOr  Chem.  (SchweJgg^r).  63  (1831),  147. 

1831:  12.    J.  W.  D6BEREIKT.R.     Ueber  Platinmohr  nnd  einen 
bildungs-Apparat. 

J.  fiir  Chem,    (Schweigger),  63    (1831),  363;  J.  prakt.  Chem.  t 

(1834),  520. 

1831:  13.    J.   W.    DoBEREiNER.     ITcber   Entziindung   des    Knallg 
durch  Platinmohr. 

J.  fur  Chem.  (Schweigger),  63  (1831),  464;  Berzelius  Jsb.  12  (1S33), 

114. 


1831:  14,    J,   W.   DoBEREmEB.    Ueber  Iridmohr  und  dessen  ai: 
zeichnete  Ziindkraft. 

J.  fiir  Chem.  (Schweigger),  63  (1831),  465. 

1831:  15.     J.  W.  DoBEREiNER.     Portatiyes  Iridfeuerzeug, 
J.  fiir  Chem.  (Schweigger),  63  (1831),  467* 


It. 
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It,  X  W.  DoBERKiKER.  Merkwufdige  Ammoniakbildung  (aus 
Salpeteraiiure,  Alkohnl  und  Platin-  oder  Irid-mohr).  Pt,Ir. 

J,  fiir  Chera,  (Schwelgger).  63  (1831),  476* 

17.  J,  W.  DOBEREIJTER,  Ueber  Kabili*8  elektro-chemische  Far- 
beniiguren.  Pt. 

J.  fiir  Cheiw.  (Schwelgrger),  63  (is:a),  472. 

18.  B.  BOTTOER.  Ueber  PlatinaschwajTim  und  die,  deesen  Ziind- 
kraft  ToUig  awfhebende,  Ejgenschaft  der,  mit  x^mmoniakgas 
T«rmi8chten,  atinospharischen  Luft.  Pt. 

J*  fiir  Cheoi.  (Schweigg^er),  63  (1831),  371;  J.  techn,  Chem,  12 
(1831K  233;  Benceliug  J«b.  12  (1833),  113;  Pharm.  CentrbL  1831, 
T85. 

*♦  X  S.  C.  ScHii^EiGGER.  TJeber  Bottger  **  iiber  Platina- 
achwauiixi^  u.  s.  w/'     (Action  of  ammonia.)  Pt. 

J.  rtJr  Chem.  (Schweigger).  63  (1831),  375. 

20.    H.  Hess,     Sirr  le  propri^t6  que  possMe  le  plaiine  tix- 
d'opirer  la  combinaison  de  Toxigene  avec  rh}'drogent%  ei  . -n    It 
denait^  du  platine.  Pt, 

Hint.  Acad.  St.  P€t-ersb.  |r>],  i  (1831),  587;  Gott.  Gelehrte  Anzelger. 
1S33,  139;  Pharm.  Centrbl.  1833,  379. 

th    B,  Haee.    Asbestos  impregnated  with  platinum.     (Letter.) 

Pt. 

Amrr.  J.  of  ScL  20  (1831),  160;  J.  techu.  Chem.  14  (1832),  23r*; 
Poljrt.  J.  (DiDgler),  U  (1832),  231. 

\2t,    0.  Merhyweather.     Account  of  a  platina  lamp.  Pt. 

Edlnb.  N.  Phil.  J.  10  (1831),  350;  Amer,  J.  of  Sci.  20  (1831),  385; 
J.  fGr  Chcm.  (Schweigger),  63  (1931),  148;  Polyt.  J.  (DiDgler), 
40  (1831),  73;  Pharm-  Ceutrbl.  1831,  812. 

S.  F.  Hermbstadt.     Vcnsuche  und  Beobachtungen  iiber  die 
gsaure,     (Action  of  platinum  black  on  alcohol.)  Pt. 

AbbADd.  Acad.  Berlin*  1831.  285;  J.  techn,  Chem,  17  (1833),  232; 
Fharm.  C^ntrbt  1833,  587, 

J*  A.  BucUKER.     (Action  of  fused  ammonium  nitrate  on 
pktinitm.)  Pt, 

RefL  fiir  Pbiirm.  (Biichner),  39  (1831),  360;  Pharm,  Centrbl.  1832, 

I  tt,    J,  J,  BERyELiTTS.    Vanadins  f oreningar  med  metaller.  (Plat- 
lanm-Tanadinm  alloy*)  Pt. 

Ilftiitn  Wf.  Akad.  Slockholra.  1831,  22;  J.  fiir  Chem.  (Schweig- 
!:►  ^^31),  349;  Ann.  chim.  phya.  47   (1831),  337;  Ann.  der 

Pi  j'lr,),  22  (1S;11K  1;  PhiL  Mag.  10  (1S31),  321, 
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1831:  26.     Stieren*     PlatingefasBe.  Pt. 

Rep.  fiir  Pharm.  (Buchner),  39  (lS.si)»  ];  ,L  techiu  Chein,  U 
(1832)»  492;  16  (1833),  37G  (BeHchtigung);  Pharm.  Ceatrbl. 
1832,  77. 

1831:  27.     H*  Abich.     Chemische  UntergucliUBg  des  Spinels.     (Steel 

press  for  platinum,  p.  309.)  Pt. 

Ann.  tier  Phys.  (Pogg.),  23  (1831),  305;  Aon.  de*  Mines  [3J,  ft 
(1834)»  244. 

r'^ni:  28.  J,  F.  Daniell.  Further  experimeBts  with  a  new  register 
pyronieter  for  measuring  the  expansion  of  solids.  (Cause  of 
change  of  texture  of  platinum  when  heated  with  black  le^d,  p» 
456.)  Pt. 

Phil.  Trans.  London,  121  (1831).  443;  J.  techn.  Chem.  15  (1832). 
459:  Phil.  Mag.  1  (1832),  261. 

1831:  29.    BouDON  de  St,  Amand.    Phitin  in  Porcellanfarbimg  n.  s.^. 

Pt, 
Desc.  d.  Machines,  Brevets  d'Inv.  par  Christiau,  Ifi,  5;  Polyt.  J 
(Dingier),  41  (1831),  219. 

1832:1.     .     PlatinauBhente  am  Ural.  Pt* 

Journ*  de  St.  Petersb.  (Journ.  des  Mines  Russ.?)  (18.12)»  Mar. 
8-20:  Berzelius  Jsb.  IS  (1833)»  175. 

1832:  2.  J.  F.  W.  Herschel.  On  the  action  of  light  in  determining 
the  precipitation  of  muriate  of  platinum  by  limewater.  Pt. 

Phil.  Mag,  [3],  1  (1832).  S8;  Ann.  der  Phys,  (Pogg.),  26  <1S32),  ITr.; 
Ann*  Chem.  (Liebig),  3  (1832).  337;  J,  fiir  Chem.  (Schweiggt^r). 
65  (1832),  262;  Pharra.  Centrbl.  1832»  620;  B^rxeUum  Jsb.  13 
(1834),  141. 

1832:  3.  J.  \V.  Dobereiner.  Ueber  Platinoxyd-Natron  nnd  darau:» 
bereiteten  Platinmohr.  Pt, 

J.  fiir  Chem.  (Schweigger),  66  (1832),  298;  Pharm.  Centrbl,  1833, 
141;  Berzelius  Jsb.  13  (1834)»  107»  142. 

1832;  4.    P.    A.    ton    Bonsdorff.     Analys   af    tvenne    Brom-salter 

(Bromo-Platinas  Natricus  och  Brorao-Auras  Kalieiig.)  Pr. 

HandL  Vet.  Acad.  Stockholm,  1832,  88;  Ann.  der  Phys.  (Pogg.), 
33  (1834),  m;  I/Institut.  3  (1835),  105;  Berzelius  Jsb.  12  (1S33)^ 
158:  Ann.  des  Mines  [3],  7  (1835),  486, 

1832;  5,  J.  L.  Lassaione.  M6moire  snr  lea  ioduree  de  platine  et  le* 
composes  doubles  qu'ils  pen  vent  fonner  avee  les  iodures  basiqnr*, 
Tacide  hydriodiqiie,  et  Thydriodate  d'ammoniaqiie.        *  Pt, 

Ann.  fhim.  phys.  51  (1S32),  113;  J.  chira,  m^d.  8  (1832),  705;  Ann* 
der  Phys.  (Pogg.),  33  (1834),  67;  Ann.  Chem.  (Liebig).  k  (18^3). 
185;  J.  fur  Chem.  (Schweigger).  67  {1833).  30;  PhtJ,  Mag.  [-?|, 
3  (1833).  384;  Berjcelius  J&h.  13  (1634),  142. 
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6.  J.  L,  Lassaionk.    Becherches  sur  la  limite  de  sensibihte  de 

ns  r&ictlfs  tr^fi-employfe  dans  ranaly&e  chimique.     (Platinie 

J.  cbim.  oiM.  8  (1832),  513,  577;  Pharm-  CentrbL  1832,  774,  HU, 

7.  P.  Ohkila.  Ueber  mehrere  ininerftlische  Gifte,  (Platinie 
chlorid  for  potassium  iodid,)  Pt. 

J.  cthinu  mM,  8  (1832),  257;  Pharni,  CentrbL  1832,  464;  Froriep, 
NotUen,  34  (1832),  ^3* 

8.  R.  J.  Kane  (and  R,  Phillips).  Analysis  of  some  compounds 
of  platinura,  (lodids,)  (Observations  by  R,  Phillips  in  Phi!. 
Mag,  2:  197,)  Pt. 

Dublin  J*  Med.  Chem«  ScL  1  (1832),  304;  FhiL  Mag,  [3],  2  (1833), 


KR.      Notizen    iiber    SauerstofTatlier,    und 
e.     (Action  of  platinum  lilack  in  promotion 


trerwandte  Gt - 

of  the  oxidation  of  sulfur  dioxid  to  sulfuric  acid.)  Pt, 

Aon,  der  Phys.  (Pog^.),  24  (1832),  603;  Ann.  Chem.   (Llebig),  2 
(1832),  343;  Phann.  CentrbL  1832,  477. 

10,    J,  W.  D^BERETKEB.     Ueber  die  depotenzirende  Wirkung  des 
Ammoniaka  auf  den  Platinschwamni,  Pt. 

Ann,  Cliem.  (Liebig),  1  (1832),  29. 

I:  11.    J,  W,  DdBEBiiiNBB.    tfeber  die  Bereitung  des  Platinmohra. 

Pt. 

Ann,  Chem.  (LSebSg),  2  (1832).  1;  J.  techn.  Chem.  14  (1832),  45(J; 
Pharm.  Ccntrbl.  1832.  515,  857. 

12, Ueber   Eseigsiinreerzeugung.     (Use    of    plati- 
num bkck.)     (Subject  of  a  prize  award.)  '  Pt. 
Bcr*  Soc  d.  Pbarro.  Pans;  J,  de  Phann.  18  (1832),  304;  J.  filr 
Cham.  (Scbweigger),  62  (1832),  285, 

^''      P,   PiTiLLTPS.     Ueher   Fabrication  der  Schwefelsaure   ohne 

j>tfter.     (By  platinum  black.)  Pt, 

J.  fiir  Chem.   (Schweigger),  65   (1832),  443;  J.  tecHn.  Chem.  14 
(1832),  330. 


2:14, 


Bereitung  und   interes&antcste   Eigen&chaften 


vertchiedener  merkwiirdiger  Pltitinprnparate  nebst  darauf  gegriin* 
ilcten  Apparaten  und  VerBUchen.  (Chiefly  on  action  of  platinum 
black.)  Pt.  Ir. 

Fharm.  CentrbL  1832, 113, 130,  1 45, 161, 177. 
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1832;  15.     W.  Marshall.    An  account  of  the  Buseian  metliod  of  ren- 
dering  platinum  malleable.  Pt. 

PbiL  Mag,  [2],  11  (1832),  321;  Ann.  Chem.  (Liebig),  4  (1832),  210; 
J.  fiir  Chem.  (Schwei^ger),  65  (1832),  259;  J*  tecbn.  Chem.  U 
(1832),  319;  Polyt  J.  (Dingier),  45  (1S32).  205;  Berzelius  Jsb. 
13    (1834),  106. 

1832:  16,     C.  M.  Marx.     Die  SchweiBsbarkeit  des  Platins.  PL 

J,  fiir  Chem.  (Schweipger),  6ft  (1832),  159;  Ann.  Chem.  fLiebig). 
3  (1833),  182;  J,  techn,  Chem.  16  (1833)»  127;  Pharm.  CentrbL 
1833,  133;  Berzelina  Jsb.  13  (1834),  107. 

1832:  17.    J.   J.   Berzelius.    Ueber  verschiedene  chetnifiche   Opera- 
tionen  und  Gerathschaften.     (Platinum  crucibles,  p.  357.)        Pt, 
J.  techn.  Chem.  13  (1832),  320;  Pharm.  Centrbl.  1832,  76T. 

1832:  18.     0.  Bischof.     Leichte  Zerstorbarkeit  von  Platiugefaseen.  Pt. 
J.  fiir  Chem.  (Schweigger),  64  (1832),  123;  Pharm.  CentrbL  1832, 

i2e. 

1832:  19,    .     (Platinum  alloys.)  Pt, 

J.  chim.  mM.  Sept.  1832;  J.  techn.  Chem.  16  (1833),  133. 

1833:  1.     6.  Rose.    Ueber  die  im  Ural  vorkommenden  krystallisirten 
Verbindungen  von  Osmium  und  Iridium.  Ir,  Ob, 

Ann.  der  Phys.  (Pogg.),  29  (1833),  452;  Ann.  Chem.  (Liebig),  12 
(1834),  238;  Ann.  dea  Mines  [3],  6  (1834),  270;  PhiL  Mag.  (3],  5 
(1834),  101. 

1833:  2.    — — — — .     Gisement  du  platine  en  Sib^rie.  Pt- 

Journ.  de  St.  Petersb.  (J,  des  Mines  Rnss.?)  (1833),  Sept,;  Ann. 
des  Mines  [3],  5  (1834),  585, 

1833:  3.    H.  F.  Gaultier  de  Clattbry.    (Discovery  of  platinum  in 
France  in  galena.)  Pt 

'    Soc.  d^Enconragement,  May  8,  1833;  Polyt.  J.  (IMngler),  49  (1833), 
232;  LTnstltut  ;  J.  chim.  m^,  9  (1833) »  434. 

1833:  4.     Dangaz*     (Platinum  in  France;  with  analysis.)  Pt 

L'Institut,  No.  35  (1833);  Ann.  der  Phjs.  (Pogg.),  31  (1834),  5^1; 
J.  prakt.  Chem.  I  (1834),  76. 

1833;  5:     D'Aroy.     Platine   en    galSne.     (Discovery   of   platinum    in 
France.)  Pt. 

L'Institut,  No.  26  (1833),  218;  27  (1833);  46  (1833),  103;  Ann.  der 
Phys.  (Pogg.),  31  (1834),  16;  Pharm.  CentrbL  1834,  125;  X  chim. 
m6d*  10  (1834),  109;  Berzelius  Jsb.  14  (1835),  177. 

1833:  6.    J.  Prinsep.    Note  on  the  discovery  of  plaiina  in  Ava.      Pt 
Asiatick  Researches,  18,  ii   (1833),  27© ;  Ann.  der  Phys.   (Pogg.)| 
34  (1835).  380;  Berzelius  Jsb.  16  (1837),  170. 
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7,  W»  A-  Lampadius  and  G.  P.  Plattkeb.  Ueber  das  gemein- 
ifbuftliche  Vorkommen  des  Platinerzes  imd  dea  gediegenen  Sil* 
b^oldes  in  einem  Gangfossile  aus  Brazilien.  PL 

J.  tedtn.  Cbem.  18  (1833),  453. 

i,  F.  WdHLBB.  Sur  I'extraction  de  riridium  et  de  rosmiiiin  du 
itetda  noir  de  platine.  Ir,  Ob. 

Ann.  chtm.  phys.  54  (1833),  317;  J.  chim.  m^d.  10  (1834),  127; 
Ann.  des  Mines  [3],  5  (1834),  493. 

:  >.    J.  J.  BEBZELrCfl.    TJBderBokning  af  Osmium-Indium.    Os,  Ir. 
HnndL  Vet.  Acad.  Stockholm,  1833,  313;  Ann.  der  Phya.  (Pogg.), 
32  (1834),  232;  Phil.  Mo^g,  (3],  6  (1S35),  238;  Ann,  des  Mines  [3], 
7  (1835),  55S:  Berzelius  Jsb.  14  (1935),  178. 

10»  A,  Bbeithafpt.  Ueber  cinen  Korper,  der  sehwerer  als 
Platin  ist,     (Osmiridium;  also  specific  gravity  of  palladium.) 

Os,  Ir,  Pd. 
J,  flir  Cbem.  (Schweigger),  69  (1833),  1;  Ann.  Chem-  (Licbig),  12 
(1834),  239;  Pharro,  CentrbL  1833,  894,  908;  Ann.  des  Mines  [3], 
ft  (1834),  586;  Berzelius  Jsb.  14  (1835),  160. 

11.  A.  Breithaupt.  Vorlaufige  chemieche  Untersuchungen  des 
tchwefBten  metallisehen  Korpera,  den  man  kennt.  (Osmiri- 
diimia.)  Os,  Ir. 

J.  fur  Cbem.  (Scbwelgger),  69  (1833).  96;  Pharm.  CentrbL  1834,  32. 

18.    J.  Pebsoz.     (Separation  of  osmium  and  iridium.)  Os,  Tr. 

J.  chim.  m^d.  9  (1833),  420;  J.  fiir  Chem,  (Schwelgger),  60  (1833), 

99;  Phil.  Mag,   [3],  4   (1834),  155;  Pharm.  (^ntrbl.  1836,   142; 

Derselius  Jsb.  14  (1835),  168;  Ann.  des  Mines  [3],  5  (1834),  489. 

IS.    3*  J.  Beb^euus.     Atomgewichte  dor  einfachen  Korper. 

Pbara.  Centrbl.  1833,  2.  Pt,  Pd,  Ir,  Rh,  Os. 

14.    R,  Phillips.    Experiments  on  platina.     (Reduction  by  tar- 

tratee,  etc.)  Pt. 

PbU-  Mug.  [3],  2  (1833),  94;  Ann.  Cbem.  (Liebig),  8  (1833).  189: 

Ann.  der  PhvB*  (Pogg.),  31  (1834),  288;  J.  fiir  Chem.  (Schweig* 

ftr),   68    (1833),   42;   J.   prakt.    Chem.   1    (1834),   375;    Pharm. 

CentrbL  1833,  379;  Polj-L  J.  (Dingier),  49  (1833),  128;  Ann.  des 

Mines  [3],  7  (1835).  485. 

J.   W.   DdBEREiiv'EH.     Ueber    mehrere    neue    Plal  inverbin- 
dvfigi^n.     (Oxalsaures  Platin,  und  Platinsauren  Natron.)  Pt. 

Ann.  der  Pbys.  (Pogg,),  28  (1833),  ISO;  Ann.  Chem.  (Liebig),  8 
(1S33),  169,  191;  Ann.  chim.  phya.  53  (1833),  204;  Amer.  J.  of  Sci. 
28  (1835),  130;  Pharm.  CentrbL  1833,  472;  PhiL  Mag.  [3],  5 
(1834),  150;  Ann.  des  Mines  [3J,  5  (1834),  484;  Berzelius,  14 
(1835),  12:^>,  ITiO. 
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16.  J.  L.  Lassaiqne.     Stir  Tiodtire  de  palladium.  Pd, 
J.  cbim.  mM,  9  (1833),  447|  from  Soc.  cbim.  m€d. 

17.  R.  J.  Kane.     Remarlcs  on  the  composition  of  the  iodide  of 
platiniiiii.  Pt* 

Dublin  J.  Med.  Chem.  Sci.  3  (1833),  211, 

1833:  18.  R*  J.  Kane,  R^claination  an  sujet  de  la  d^eouverte  dea 
iodiires  de  platine.  Pt. 

J.  chim.  m€d.  9  (1833),  26. 

19.    J.  L.  Lassaigne.    Reponse  k  M.  R.  J.  Kane.     (On  discovery 
of  iodide  of  platiniun.)  Pi. 

J.  chim.  med.  9  (1833),  27, 

i^4M9B:  20.    R.  Phillips.     Observations  on  Mr.  R.  J,  Kane's  "Analysis 
of  some  combinations  of  platinum  "  (iodids).     of,  (18318:  8).      Pt. 
PhiL  Mag.  [3],  2  (1833),  197. 

1833:  21.  F.  G^bel.  Verhalten  der  Ameisensanre  zu  einigen  Metall- 
oxyden  und  Hyperoxyden.  (Action  on  oxids  of  platinum  and  pal- 
ladium.) "  Pt.  Pd. 

J.  fiir  Chem.  (Schweigrger),  67  (1833),  74;  Pharm.  Centrbl.  1833, 
176, 

1833:  22.  J.  B.  Boussingault.  Examen  d'une  substance  consid^rfe 
comme  im  compost  d'hydrog^ne  et  de  platine.  ,  Pt* 

Arm,  chim.  phys.  53  fl833K  441;  Ann.  der  Phys.  {Pogg,),  31  (1834), 
542;  J,  prakt.  Chem.  1  (1834),  251;  PhiL  Mag,  [3],  5  (1834),  155; 
Ann.  des  Mines  [3],  5  <1S34).  487;  Berzeliug  Jsb.  14  (1835),  12£. 

1833:  23.  E.  Bottqer.  Einige  Bemerknngen  iiber  Bereitungs-  und 
Bt^liandlimgsweise  des  Platinschwammes  zum  Gebrauch  in  Dober* 
einer's  Apparat  ziir  Eotziindimg  des  Hydrogens.  Pt. 

J.  fiir  Chem.  (Schweigger),  68  (1833),  390;  J.  techn.  Chem.  IS 
(1833),  237;  Pharm.  CentrbL  1833,  819. 

1833:  24.     A.  F,  E.  Deoen.    Ueber  ein  Eudiometer,  bei  dem  die  Wassei 
bildung  dureh  unvermischten  Platinschwamm  bewirkt  wird. 
Ann.  der  Phys*  (Pogg),  27  (1833),  557. 

1833:  25,  J.  L.  Pbevost.  (Salzsaures  Natron-Platin  als  Heilmittel  in 
der  Epilepsie.)  Pt, 

Ann.  Chem.  (Liebig-),  5  (1833),  231,  from  Med.  Soc.  of  Genera. 

2(5.     G.  F.  C,  Frick,     Ueber  die  Anwendung  des  Indiums  zu 

Porcellanfarben.  Ir, 

J.  techn,  Chem.  18  (1833),  406;  Ann.  der  Phj«.  (Pog^.),  31  (1834), 

17;  Pharm.  CentrbL  1834,  94;  Ann.  des  Mines  [3],  7  (1835).  487; 

Berrelhts  Jsb.  15  (1836),  148. 
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t*i,    E,  Lenz,     tleber  die  Leitungsfahigkeit  der  Metalle  fiir  die 
Hectricitiit*  \m  verschiedenen  TemperatureD,  Pt. 

M^jh,  Ac*a,  Sei,  SU  Petersburg,   2   (1833).  631;  Ann.  der  Pbys. 
(^ogg,),  34  (1835)»  430:  Pharra,  Centrbl.  1834,  863. 

P*  Berthier  and  A,  C.  Becquerel.     Platin  in  Frankreich. 
Ann.  der  Phys.  (Fogg,),  31  (1834),  r>90.  Pt. 

Villain.     (IMatinuni  in  France,)  Pt. 

J.  clitin.  mM,  Feb.  (1834);  PhiL  Mag.  [3],  5  (1834),  158. 
.     Platinum  in  France. 


3, 


Pt, 


Amer,  J.  of  Sei.  26  (ISJI),  389. 

G.  BOSE.     Ueber  die  Lagerstatte  des  Platios  im  Ural.  Pt. 

Ann.  der  Phy*.  (Pogg.),  31  (1834),  673. 

EL  F.  Cooke.    Price  of  platinum.  Pt, 

Amer.  J,  of  8ci.  26  (1834),  210. 

F,  Sv^AKBERO,     Bidrag  till  niirmare  kamiedom  af  kenuske 

iittningen  af  de  Amerikanska  platinamalmerna,     (Com* 

{NMition  of  Platina  del  Pinto  and  other  South  American  platinum 

md  iridium.)  Pt.  Pd,  Ir,  Os,  Rh. 

U&udL  Vet.  Akad.  Stockholm,  1834,  84;  Ann.  der  Phys.  (Pogg.)* 

30    (183a),    471;    Berzelius   Jsb,    15    (1836),    205;    BibL    Univ.    Z 

(l^lfl).  382:  rinstitut,  No.  67;  Ann.  de«  Mines  [3],  7  (1835),  557. 

P.  S0BOLEV6KT.     Ueber  das  Ausbringen  des  Flat  ins  in  Russ- 

Pt 

der  Pbys,   (Pogg.).  33   (1834).  UU;  Ann.  Cheni.   (Liebig),  13 

(1835),  42   (read  at  Gesellsch.  Naturf,  u,  Aerzte,  1834);  J.  de 

Pharm.  21  (1835),  181;  Bibl.  Univ.  9  (1837),  179;  Ann.  des  Mines 

[3],  7  (1835),  480;  Berseelius  Jab.  15  (1836),  149, 

8.    F.  WOni-BR.     Tleber  die  Gewinnung  von  Iridium  und  Osmium 

&Ui  dem    Platioriickstand.     (Heating   with   sodium    chlorid    in 

cUoriiL)  Pt,  Pd,  Ir,  Os,  Rh. 

Ann,  d«r  Phya.  (Pogg,)»  31  (1834),  161;  Ann.  Chem.  (Liebig).  9 

(18S4),  149;  Amer.  J.  of  Sei.  26   (1S34),  371:  Ztsch.  anaL  Chem. 
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kicm  bj  ©odium  sulfid.)  Pt,  Pd,  Ir,  Os.  Rh. 

Ann.  chim,  phys.  55  fl834).  210;  Ann.  Chem.  (Liebig).  12  (1H34)» 

12:  16  (1835),  204:  J.  prnkt.  Cheoi.  2  (1834),  473;  PhiL  Mag.  [3J. 

5  (1834).  314;  Pol>t.  J,  (Dingier).  53   (1834),  129;  ZtKch.  onoL 

CTiem.  S  (1866),  120. 
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Afh.  Dansk,  Vid.  Sels.  6  (1837),  1;  J.  prakt.  Chem.  1  (1S34),  409. 
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Ann.  Cbem.   (Liebig),  9   (1834),  302;  Pharm,  CentrbL  1834,  670. 
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J.  prakt.  Cbem.  1  (1834),  254;  Pharm.  CentrbL  1834,  50, 

ISW:  23.    J,   W,    DoBBBEiNER.    Das   Platin   als   reines   OrjrrTophun 
(Sau^retofiTgasaanger)  erkRiint.  Pt. 

J.  prakt.  Chem.  1  (1S34),  114,  369;  Beneelius  Jab.  15  (1836),  151; 
Pharm.  CentrbL  1S34,  477,  SOO. 

JIM:  t4.    K*   BoTTOEH.     Femere   Ergebnisse   meiner  Versuche   fiber 
Bildung  einiger  Amalgame.    (Platinanialgame.]  Pt. 

J,  pmkt<  Cbem,  3  (1834),  278;  Pharm.  CentrbL  1835»  105. 

:  U.    K.  Kabmabsch.    Yersuche  uber  die  absolute  Festigkeit  der 

(ga  Drmbt  gezogenen)  Metalle.  Pt. 

Jabrb.  Poljrt.  Inst,  Wien.  18  (1834),  54;  Pharm.  OntrbL  1834,  337, 

5*1     .     Platina  and  gold  of  the  Urallan  Mountaina.  Pt. 

JSAluh.  N,  FhiL  J.  IB  (1835).  3G6;  Amer.  J,  of  ScL  28  (18.55),  395. 

J*  1    Tbtloff.    Aper^u  de  la  nchesse  min^rale  de  rempire  Bufise. 
(Occurrence  of  plaHnum.)  Pt, 

,  Ajuu  dc»  Mines  [3],  8  (1835),  51;  Ann.  chim.  phys.  (K)  (1836).  394* 

» t.    J.  J.  BERZELIU8.     (Yorkominen  des  Platina  in  Ava  tmd  am 
HiR,)  Pt,  Pd. 

Ann.  der  Phys.  (Pogg.),  34  (1835),  381. 
:  L    L.  HOPFF.     Plat  in  im  Rheinsande.  PL 

ArdL.  gea.  NatiirL  27  (1835),  394. 

S»    3.  J.  BER2EL1UB.     Analyse  des  "  Ouro  poudre  "  (faules  Gold) 
voo  Slid  AmerikB.  Pd. 

Berzelius  .Tab.  15  (1836),  205;  Ann.  der  Phys.  (Pogg.)»  35  (1835)» 
514. 

G.  EoBB.    TJeber  das  gediegene  Iridium*  fc 

Am.  der  Phya.  (Pogg.),  34  (1835).  377. 

G.  OsANN,    Platin  mit  Meteoreisen.     (Is  platinum  meteoric?) 
Ann.  der  Phys.  (Pog^,).  38  (1836).  238.  Pt. 


BIBLIOGRAPHY   OF   METALS   OF  THE    PLATTXITM   GROXTP 


1835:  8. 


Product  of  platinum  mines. 


Pt 


J.  Frank,  Inst.  [2\,  15  (1835),  293j  from  Berlin  State  Gazette  aad 

London  Mech.  Mag. 


1835:  9*  F.  Dobereiner.  tTel>er  eine  neue  Methode  der  Analyse 
des  Platinerzee,  der  DaretelluTig  des  Platinmohra  und  des  chemisch 
reinen  Palladiums.  Pt,  Pd. 

Ann.  Chem.  (Ltebig),  14  (1835),  251;  Pharm.  CcntrbL  1835,  767; 
Berzeliua  Jsb.  16  (1837),  IQS,  160. 

1835:  10.  J*  R.  Joss.  Wichtige  Bemerkung  als  Beitrag  zur  Zerleguug 
des  Osmiiim-Irids.  Pt,  Ir^  Os,  Rh. 

J.  prakt.  Chem.  4  (1835)^  371. 

1835:  11,    J.  W.  DoBEREiNER.     Femere  llittlieilungen  [iiber  Osmium- 

Irid,  platinsauren  Kalk  nnd  Platinoxyd natron].  Pt,  Os,  Ir. 

Ann.  der  Phys.   (PogrgO,  36   (18:J5),  464;  J.  Frank.  Inst.   [2],  2ti, 

(1840),  1%;  Ann.  des  Mines  [3],  15   (1839),  445;  Bibl.  Univ.  4 

(1836),  1G7. 

1835:  12,  J.  W,  Dobe  Reiner.  Chemische  Eigcnsehaften  und  phj-B- 
ische  Natur  des  aiif  nassem  Wege  reducirten  Platins,  (ReactioD 
between  platinum  dilorid  and  ferric  chlorid,  &c.)  (Ann.  Chem. 
(Liebig)  14  :  15;  also  by  F.  Dobereiner  and  Weiss.)  Pt. 

Ann.  Chem.  (Lieblgr),  14  (1835),  10,  15;  Ann,  der  Phys,  (Po^.)*  36 
(1835),  308,  458;  Amer,  J,  of  Sci.  34  (1838),  207;  Tlnstitnt:  J.  de 
Pharm.  21  (1835),  530;  Ribl.  Univ.  1  (1836),  364;  3  (1836).  173; 
Pharra.  Centrbl.  1836,  63,  86;  Ann.  des  Mines  [3],  9  (1836),  381, 
382;  Berzeiiua  Jsb.  IG  (1837),  105,  106,  107,  160. 

1835;  13.    J.  R.  Joas.    Ueber  eine  merkwiirdige  Reduction  des  Pktiui** 

^T.  prakt.  Chem.  4  (1835),  374.  Pt. 

1835:  14.     W.  W.  Mather.     Cr^^stallized  perchloride  of  pUtiiiiusi.    Pt. 

Amer.  J.  of  Sci.  27  (1835),  262. 

1835:  15.     W.  W.  Mather.     Iodide  of  potassium  and  platinum.        Pt. 

Amer,  J.  of  Sci.  27  (1835),  257. 

1835:  16.     R.  J.  Kaxe.     On  some  combinations  of  protochloride  of 

platinum  with  protochloride  of  tin.  Pt. 

Brit.  Ass.  Bept.  1835,  ii,  44;  PhiL  Mag.   [3],  7   (1835),  399;  Ann, 

Chem.  (Liebig),  20  (1836),  187;  J.  prakt.  Chem«  7  (1830),  ISIJ; 

Pharm.  Centrbl,  1836,  301. 

1835:  17.  J,  L,  Lassaione.  M6raoire  sur  les  combinaisons  de  Tiode 
avec  le  palladium  et  Firidium.  Pd,  Ir. 

J.  chim.  med.  [3],  1  (1836),  57;  Pharm.  Centrbl,  IBU,  202:  Ber- 
zeLius  Jsb.  16  (1837),  153. 
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18.  Bbuzelifs.  Atomgewichte  der  cinfachen  Korper. 
(Aloyuc  weight  of  platinum  ujetale,)  Pt,  Pd,  Rli,  Ir,  Os. 

PliArm.  Centrbl.  1835.  I. 

19.  W-  Matoham,  (F\igion  of  platinum  liy  tbo  oxyhydrogen 
blowpipe.)  Pt. 

Soe'y  of  Artik  May  12  (1835);  Mug.  of  Pop,  Sci.  3  (iS37).  2)B; 
PcilXt.  J<  (Dingier),  Cl  (ISUO),  75, 

W<  W.  Matheb,    Amalgam  of  platinum.  R- 

Ammr,  J.  of  Bel.  27  (18:i5).  203. 

J.  ro\  T^KRio,     Fehor  die  Producte  der  Oxydation  (lea  Alko- 

liolf.    (Oxydation  of  nlcoliol  by  means  of  platimira  sponge.)      Pt. 

Ann-  Cheni.  (T>jebi^')»  H  i^^?.'^),  1.13;  Ann.  chim.  pliys.  59  (1S35), 

t«0;  .!•  df!  Pbarm.  21   (18;i5),  472;  Ann.  der  Thys.   (Po^g.),  35 

*ia3A),  375;  Phiirm.  CetitrliL.  1835,  649. 

W.    AitTTS,     ITcluT    die    Vernichtung    der    Ziindkraft    dea 
natinschvTfimmos  durch  Schwefelwag^^crgtoffgas,  P^ 

J.  pmkt.  Cbem.  6  (1835),  176;  Fharin.  Centrbl.  1836,  79. 

tSI.    G.  F,  HJlKLB.    Verbessenmg  an  den  Platinieuerzciigen.     Pt. 
B«prrt.  fJirPbAnn.  (Buchncr),  2  (1835)*  R*;  Pharni.  Centrbh  1835» 

W.  C.  llEJfRY*    Experimente  on  the  action  of  motals  in  dcy 
I^Urr  jasi'tms  combination.     (Action  of  plalinnra.)  Pt, 

._,i,  slLii?.  [fj],  rt  U**35)»  362;  Ainu  tier  Ph>s.  (Puj,'^'.),  36  (1835)^ 
WO;  J.  priikt.  Cbrm.  5  (1H35),  lOP;  Amer,  J.  of  Scj.  31  (1^37). 
»49;  Ediob.  N.  PliiU  J.  (lH3ri),  U\);  Pharm.  Centrbl.  1R3:,,  83»; 
Ano.  cilia  MiueH  [3J.  0  (1835),  383. 

L    H.  Hkbmakn.    t^eber  Irit  nnd  Osmit,  zwei  neno  Mineralicn. 
BitL  8oc.  Nat,  Aroncow,  0  (18.^0,  215.  Ir,  Os. 

h    J.  H  Hbrbkroee.     (Silber  baltigea  Platin.)  Pt- 

fii^pert,  fur  Phorm.  (Buchner)  [2],  5  (1836),  21U  Amu  Chcro. 
(Ucbl^),  20  (l«3«i),  1^6;  PUttrm.  Centrbl.  1836,  477. 

I.  H.  H^liMAXK.  Ueber  einige  dreifache  Verbindungen  non 
Ocmiimi-.  Iridium-  imd  Platincblorid  mit  Chlorkalium  nnd 
C!  u  IH,Ir,Oa. 

iiyg.  (Pofe^^.).  37  (1830),  407:  Bibl,  Univ.  I  {ims),  aSi; 
}  (3],  9  il^'M),  232;  Phunn*  Centrbl.  1W36,  364;  Ann. 

ili-^   Mim-  [3],  11  (1837),  276. 

rr    ir    T rwElN'cn,    t>lxT  mrbrere  neue  Plntin%^erbinilun- 

•  f  platinum,  platinum  and  mercury,  and  platinum 

"it  IK)  Pt,  Ir. 

r  Pbya,  (Pogpr-).  ^'*  (1836),  545;  .^ou.  Chem.  (Uebig),  IT 

h  ^50*:  J.  tie   I'hArm.  ^   (1S35),  551;  PliiL  Ma^.  {t},  t 
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(ISaO),  314:  Pharm.  CentrbL  1836,  417;  BuL  Univ.  4  (1836)»  381; 
Ann.  deB  Mines  [3],  11  (1B37),  273. 

1836:  5*  W.  C.  Zkise.  Ny  iindersogelse  over  det  braenbare  Chlorplatiiu 
(Combustible  chlorid  of  platinum  with  alcohol.)  Pt» 

Afhand.  Danske  Vid.  Sels.  [4],  6  (1837).  333;  Oversigt.  Danske^ 
Vid,  Sels,  183G-37,  0;  Ann.  clita.  phys*  63  (1836),  411;  Ann.  Chem. 
(Liebig),  23  (1337).  1;  Ann.  der  Phys.  (Pog^.),  40  (1837),  234; 
Bcrzelins  Jab.  18  (1839),  445. 

1836:  ().  L.  A.  Buchner,  Jn.  Ueber  der  Griinzen  der  Wahrnehm- 
barkeit  raebrer  chemischer  Reactionen.  (Platinum  with  stan- 
nous chlorid,  merciirous  nitrate  and  potassium  iodid.)  PL 

Pharm,  Centrbl.  1836,  434. 

1836:  7.  Y.  Eegxaut.t.  Recherches  relatives  k  Taction  de  la  vapeur 
d'eau  k  une  haute  temperature  sur  les  m)§taux  (Osmium,  p,  366 j 
other  platinum  metals,  p.  368.)  Pt,  Pd,  Ir,  Oe,  Bh. 

Ann.  chim.  phys.  62  (1836),  337;  Ann.  des  Mines  [3],  11  (1837), 
3;  J.  prakt.  Cbem.  10  (1837),  139;  J.  de  Pharm.  23  (1837),  185. 

1836:  8.  J.  W,  Dobebeikeb.  Ueber  eine  sehr  leiebte  Darstellung  von 
Platinschwarz*  Pt. 

Ann.  Chem.  (Liebig),  17  (183G),  67;  Bibl.  Univ.  3  (1830),  396; 
Pharm.  Centrbl.  1836,  255;  J.  Prank.  Inst.  [2],  21  (1838),  M; 
Ann,  des  Mines  [3],  11  (1837),  272;  Berzelius  Jsb.  17  (1838),  110. 

1836:  9.    X  W.  DObebeiner.    Ueber  Platinmohr.  Pt. 

Ann.  der  Phys.  (Fogg:.),  37  (1836),  548;  Phil.  Mag.  [3],  ft  (1836), 
544;  10  (1837),  154;  Pharm.  Centrbl.  1836,  427;  J.  de  Pharm. 
July  (1836);  BerzeliuB  Jsb.  17  (1838),  184, 

1836:  10.     W.  C.  Hekbt.     On  gaseous  interference  (with  water  forming 
action  of  platinum).  PL 

I  Phil.  Hag.  [3],  0  (1836),  324;  Ann.  Chcm.  (Liebig),  23  (1837),  140; 

Ann.  der  Phys,  (Pogg.),  39  (1836),  385;  Edinb.  N.  PhiJ-  J. 
(1836),  311;  J.  prakt,  Chem.  9  (1836),  347;  Pharm.  CentrbL  1$3T» 
154. 

1836:  11.    C,   R   Mohb.    Ueber  die  Herstellung  der  Ziindkraft 
Platinschwammchen. 

Ann.  Chem,  (Liebig),  18  (1836)»  55;  B^rwsUua  Jsb.  17  (1838),  110. 

1836:  12.  A.  F.  E.  Deoen.  Versuche  iiber  die  Netzbarkeit  der  Ober- 
flache  verschiedener  Korper,     (Absorption  of  gases  by  platinum.) 

PL 
Ann*  der  Phys,  (Pogg.),  38  (1836),  449;  Pharm.  CentrbL  1836,  ttsa. 
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- 13.    A.  F.  E.  Degen;    Waaeerbildendefahigkeit  des  Platins.    Pt, 
Anil,  dep  Phjs,  (Fogg.),  38  (1836),  454;  PhaFin.  CentrbL  1836,  698, 

14.  J,  W.  DObeeeineb*  Zur  Chemie  des  Platins  in  wisBenschaft- 
lieher  nod  technischer  Beziehimg,  Stuttgart,  1836*  Pt 

BibL  Vn\v,  7  (1h:^7),  41L 

U.  J*  B,  Tbommsdorff.  Kritik  von  J.  W*  Dobereiner's  "  Zur 
Chemio  de&  Platms."  Pt 

Ann.  Cheni.  (Liebig),  18  (1S36),  105. 

!  16*    J.  Pelouze.    Note  sur  la  fabrication  du  platine*  Pt 

a  B-  3  (1836),  421;  Ann-  chim-  phye.  62  (1836)»  443;  J,  Frank.  Inst, 
P],  20  (1837),  53j  Polyt.  J»  (Dingier).  63  (1837).  281, 

In*    J.  VOK  LiEBio.     (Short  note  on  preparation  of  platinuin^) 
J»  chim.  mM.  [2],  2  (1836),  581.  Pt. 

J.  TOK  LtEBio.     (Malleable  platinum.)  Pt. 

Ann.  ehiin.  phya.  62  (1836),  443;  Ann.  des  Mines  [3],  11  (1837), 
tT6. 

W.  C.  S*  M*  PoriLLKi.  Hecherchea  snr  les  hautes  temperatures. 
(Specific  heat  of  platinum  from  100"  to  1200*.)  Pt. 

C-  R.  3  (1836),  782;  Ann.  der  Pliy«.  {Vogg.),  39  (1836),  571;  Pharm* 
CentpbL  1837,  274. 

20*    ,     (Alloys  whicb  may  be  subetituted  for  platinuin 

on  lightning  rods.)  Pt* 

J,  de«  coiinais,  us.  et  pract.  Sept.  (1835);  J,  Frank*  Inat.  [2]»  17 
(1836),  427. 

U*  PBTTEMtoFER.     (Vejj  general  occurrence  of  platinum,  aa 
in  all  aOver  coins.)  Pt« 

Rep.  fiir  Phann,  (Buohner),  47  (1837).  72. 

I*    P.  N,  JoHKsoN  and  W.  A.  Lampadits.    TJeber  brazilianisches 

Palladgold  und  deP8cn  Ausbringen  und  Seheidung.  Pd* 

J.  prakt,  Chem.  10  (1837),  SOl;  11  (1837),  309;  Ann.  dea  Mines  [3], 

13  (1838)*  713:  Polyt.  J.  (Dingier),  68  (1838),  153;  PbU.  Mag.  [3], 

29  (1846),  130:  ,T.  Frank.  Soc.  [2],  19  (1S37),  7;  (from  "Mining 

J*^;  Beo^lius  Jsb.  18  (1839),  li5.  214. 

3.  0*  F.  C.  Fbick.  Ueber  die  Scheidung  des  Iridiums  zum 
tedmisdien  Oebrauch  im  Grossen,  aus  den  Riickstanden  von  der 
9chddciilg  des  Platins  in  Petersburg.  Ir. 

Aiin.  der  Phys.  (Pogg.).   40  (1837),  209;  Ann.  des  Mines  ['^1.  13 

(1838),  488;  Ann,  Chem.  (Liebfg),  24  (1837),  205;  J,  prakt.  Chem. 

n  (183T),  71;  Pol^^.  J.  (Dinirler).  64  (1837),  373;  Pharm.  CentrbL 

1837,  545;  Bcntelius  Jab.  18  (1839),  139. 
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1837:  4.    L.  B.  von  Pellenbeeo.    Neiie  Methode  zur  Auflosiuig 

IridiumB — mit  Berichtigimg  (by  fmion  with  sulfur  and  alkaline 
carbonates).  It, 

Ann.  der  Phys.  (Pogg.)i  41  (1837),  210;  44  (1838),  220;  Aim.  Chem* 
(Lieblg),  24  (1837),  207;  28  (1838),  238;  Bibl.  Univ.  9  (1837),  425; 
15  (1838),  193;  J.  de  Pharm.  23  (1837),  571;  J.  pra)ct.  Chem-  12 
(1837).  353;  15  (183B),  446;  Ann.  des  Mines  [3],  13  (163S).  4S0; 
15  (1839),  446;  PML  Mag.  [3],  12  (1838),  141;  Pharm.  Ceatrbl. 
1837,  544;  1838.  686;  BerzeUus  Jsb.  13  (1839),  142;  19  (1840),  2^ 

1837:  5.  R.  W.  Bunsen.  Notiz  iiber  die  Scbmebsbarkeit  des  Iridiums, 
(Mit  Kohle  vor  dem  Knallgebliise.)  Ir. 

Ann,  der  Phys.  (Pogg.),  41  (1837),  207;  Ann.  Chem.  (Liebig),  24 
(1837),  205;  Ann.  des  Mines  [3],  13  (1838).  479;  Bibl.  Univ.  lit 
(1837),  422;  Pharm,  Centrbl.  1837,  543;  Berzelius  Jab.  18  (1S39), 
144. 

1837:  6.  J.  F.  Simon.  Beitr'age  zur  Keimtniss  des  Arseniks  iind  seiner 
Verbindungen.     (Arsenigsaures  Platinoxj^d-Amraoniak,  p.  441.) 

Pt, 
Ann.  der  Phys,  (Pogg.),  40  (1S37),  411;   Ann.  Chem.    (Liebig),  23 
(1837),  271;  Pharm.  Centr.  1837,  410. 

1837:  7.  C.  Bammelsberg.  Ueber  die  einfachen  und  doppelten  Oyan- 
metalle.  (Platinum  cyanide^  p,  136;  palladium  cjanids,  p.  137; 
iridium  cyanide,  p.  139.)  Pt,  Pd,  Ir. 

Ann.  der  Phys.  (PoggO,  42  (1837),  111;  Ann,  Chem.  (Liebig),  t$ 
(1S38),  216;  Pharm.  CentrbL  1838,  39;  Berzeliua  Jsb.  XS  (1839). 
163. 

1837:  8.  J.  VON  Ltebio.  Ueber  die  Aethertheorie,  in  beeonderer 
Hiicksieht  auf  die  vorhergebende  Abhandluug  Zeise'e  (iiber 
entziindliehea  Platincblorid).  Pt, 

Ann.  Chem.  (Liebig),  23  (1837),  12;  J.  de  Pharm,  24  (IS.lSl.  C: 
BerzeHuB  Jsb.  18  (1839),  199. 

1837:  9.  G.  J.  Mulder.  Over  de  eigenschappen  en  de  zamenstelling 
van  eeaige  Oenanthaten.     (Platinum  oenanthate.)  Pt. 

Natuui--  en  Scheikundig  Archief  (Mulder),  5  (1837),  S35. 

1837:  10.  F,  X.  Haindl.  Ueber  die  Probe  von  platiahaJtenden  Gold- 
und  Silberleginingen.  Pt. 

J.  prakt.  Chem.  10  (1837),  167. 

1837;  11.    B.  Bottoer,    Ueber  Iridiumamalgam.  Ir. 

J.  prakt.  Chem.  12  (1837),  352  (from  Bottger,  Beitriige  wnt 
Phyaik  und  Chemie,  p.  103);  Pbarto,  Centrbl.  1838,  26;  Ber- 
zelius j£b.  IS  (1839),  149. 
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IL  Os  AniE.  Mineral  de  plomb  sulfur^  d^ Alger.  (Cantaining 
tmo^  of  platinum.)  Pt. 

a  R  7  (1838),  240, 

A.  Db  la  Rite,    Sur  Toiidation  du  platine,  et  la  th^rie  chim- 

I  lijDe  de  r^Iectricit^  voltaique,  Pt. 

C.  B,  7  (1838).  loni;  Ann.  dcr  Pbys.  (Pogg^,).  ^^  (1839j.  489;  lln- 
slitut  0  (1838),  414;  BerzeUuB  Jsb.  19  (1840),  141. 

[8.  F.  DoBKBEixEH.  Darstellung  eines  moglichst  reinen  Platin- 
falmiaks  airs  Platinerzlosimg,  Pt, 

AJ^hlr  der  Pharm.  14  (1838),  274;  Ann.  Chem.  (Llebig),  28 
(1S38).  2:^8;  Phann.  Centrbl.  1838,  602. 

E,  BlEWEXD.  Analyse  des  Rhodiumchloridnatriums,  und 
|8b€r  eine  neue  Rhodium-verbindung.  (Aetherrhodiumchlorid- 
[mtritim.)  Rh. 

J.  prakt.  Cbero.  IS  (1838),  126;  Pharm.  CentrbL  1838,  92&;  Ber- 
xellus  Jab,  lU  (1840),  2GS. 

J.  W.  DoBEREiXER,  Platinchlorid  (resp.  Platinoxyd)  und 
^Scbwefligesfiiire.  Pt. 

J.  prakt,  Chem.  15  (1838),  315;  Pharm.  Otntrbl.  1839,  175;  J.  ohim. 
mdd.  (2],  t>  (1840),  318  (separ.  Pt  and  Cu);  Berzelius  Jab.  Id 
(1540),  273. 

J.  Gbo0.  R^cherches  sur  une  s^rie  nouvelle  de  eels  de  platine. 
[  (FlattEum-ftminoniiim  base.)  Pt. 

Ann,  chim.  phys.  r.9  (1838),  204;  Ann.  Chem.  (Liebig),  27  (lHii8)» 
$41;  Ann.  des  Mines  [3],  15  (18311),  443;  Arsb.  phys.  Kenii.  1839, 
£  ni.  Centrbl.   1838,  819;   PhlL  Mag.   [3],  18   (1841)»  2«4; 

l;,  ,lfib.  in  (1840),  209. 

B.  J,  K-iNE.  Ueber  die  Zusammensetzung  einiger  Qiieck- 
•ilberterbindungen  und  Amnioniakdoppelaake.  (Platin-ammo- 
HI  tun  compounds.)  Pt. 

Ann.  Chem.  (Liebi^).  U6  (1838),  201. 

ift,  W*  C,  Zei8E.  Om  Acechlorplatin,  med  bemaerkninger  orer 
Dogle  andre  producter  af  virkningen  mellein  PlatinchJorid  og 
A(;etone.  Pt. 

AfhAodL  Banske  VId.  Selsk.  [4],  S  (1841),  171;  Chr^rsffft.  Banake 
VId.  8rl«k.  IS38,  3;  lft39,  11;  Ann.  chlm.  phys.  72  (1839),  113; 
Ann.  der  rhys.  (Pogg.),  45  (1838),  332;  47  (1839),  478;  Erganz. 
W.  2  (1842),  155,  312:  J.  pmkt.  Chem,  20  (1840).  193;  Ann.  Chem. 
(Liebl-h  ."^3  (18*0).  2^J;  Pharnu  Cenlr.  1839.  43;  1840,  6C,  81; 
I  [3],  14   (1839),  84;  Ann.  of  Electric.   (Sturgeon),  3 

(;     .^,   .^^;  Berzeliua  Jab.  19  (1840),  C03;  20  (1841),  88,  521. 
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138:  9.    W.  H,  Ellet.    New  mode  of  obtaining  oemium.  Oi. 

J.  Frank.  Inst.  [2]»  21  (1838),  384. 

138:  10.  H.  Heinsch.  tJeber  das  Fallnngsverhaltmss  der  wichtigern 
Metalle  gegen  SchwefelwasBerstoffgas  aus  ihren  mit  Hjdrochlor- 
eanre  angeeauerten  Losungen,     (Platin,  p.  132.)  Pt» 

J.  prakt.  Chem.  13  (1838),  132. 

1838:  11.    J.  K  Lassaigne.     Sur  Tessai  des  soudes  iodtir^.     (Use  of 

paHaditim  salts  for  the  determination  of  iodin  in  varec  soda.)    Pd. 

J.  chlm.  mM.  [2],  4  (183S),  349;  Fharm.  Centrbl.  1839,  80. 

1838:  13.    E.  Hare.    Notice  respecting  the  fusion  of  platina.  Pt." 

Amer.  J,  of  Sci.  33  (1838).  195;  35  (1839),  328;  J.  Frank.  Inat  [2], 
28  (1839),  352;  Bibl.  Univ.  13  (1838),  200;  17  (1838),  393;  Ann. 
des  Minea  [3],  13  (1838),  479;  J.  prakt.  Chem.  16  (1839).  512; 
19  (1840),  180;  Ann.  der  Phys.  (Pogg.)*  *«  (1839),  512;  PhiL 
Hag,  [3],  15  (1839).  487;  Ann.  of  Elect.  (Sturgeon)^  4  (1S39),  70, 

18.1^:  13.  C.  F.  ScHONBEiN.  Einige  Bemerkimgen  iiber  die  Erfahr* 
ungen  Hartley's  in  Betreff  des  Eisens  (Platin-Eisen  Legirung,  p. 
17).  Pt 

Ann.  der  Vhjs,  (Pogg.),  43  (1838),  13;  Bibl,  Univ.  13  (1838),  164; 
J.  prakt.  Qhem,  14  (1838),  315;  Berzelius  Jsb.  19  (1840),  223, 

1838:  14*  E»  BoTTGEB.  Licht  mid  Warmeentwieklmig  beim  Verbin- 
den  des  Zinks  nnd  Cadmiums  mit  dem  Platin.  Pt. 

Bottger,  Beitrag,  126;  Pharm.  Centrbl.  1838,  128. 

3GB$8:  15.  B.  Bottger.  Anf  welchem  Wege  lassen  aich  hochstglanzende 
Lichterscheinnngen  bei  der  Vereinigung  gewiaser  Metalle  mit 
Chlor  herYorrufen?  Pt,  Pd. 

Ann.  der  Phys,  (Pogg.),  43  (1838),  660;  Pharm.  Centrbl.  1888,  9U. 

1838:  16.     E.  Melly.     Note  sur  quelqnes  experiences  entreprises  dans 

le  but  d'appliquer  le  platine  sur  d'autres  m^taux*  TL 

Bib!  Univ.  16  (1838),  375;  J.  prakt.  Chem.  16   (1839),  232;  Ann. 

d.  Mines   [4],  2   (1842),  228;  J.  chim.  mM.   [2],  4   (1838),  569; 

Berzelius  Jsb.   20   (1841),   87;   Chem.   tech.   Mitth.    (Eisner),  a_ 

(1848-50),  95, 

1838:  17.     F.  Kuhlmanx.    Note  sur  plusieurs  reactions  nouvelles 

termin^es  par  l*^ponge  de  platine,  et  considerations  sur  lea  serricea 
que  cette  substance  est  appel^e  k  rendre  h  la  science.  Pl 

C.  R.  7  (1838),  1107;  Ann.  des  Mines  [3],  15  (1839),  441;  J»  pmkL 
Chem,  16  (1839),  480;  J.  Frank.  Inst,  [2].  25  (1840),  135;  Amer. 
J.  of  Sci,  37  (1839),  198;  Llnstitut,  No.  261-262,  496;  Phumw 
CentrbL  1839,  237:  Phil.  Mag.  [3],  14  (1839).  157;  Polyt,  J. 
(Bingler),  73  (1839),  ftO;  Ann.  of  Elect.  (Sturgeon),  4  (183^-4U>, 
157;  Berselius  Jsb.  19  (1840),  178. 
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1638:  18.  MusLER.  (Remarks  on  Kuhlmanii's  coimnunication  on  plat- 
iBum  sponge,  referring  to  Berzelius:  Chemiej  ii,  pp*  43,  44,)    Pt, 

C  R.  7  (1838),  1162. 

1838:  19.     C.  F.  Schonbeix.     Observations  but  le  role  electromoteur  de 
qnelques  peroxides  mdtalliqiieSj  du  platine  et  du  fer  passif ,        Pt. 
BibL  XJnlv.  14  (1838).  150:  Ann.  der  Phys.  (Poggf.).  43  (1838).  89, 

1838:  20.  C.  F.  Schonbein.  Letter  to  Mr.  Faraday  on  the  mutual 
voltaic  relations  of  certain  peroxides,  platina,  and  inactive  iron. 

Phil.  Mag.  12  (1938)»  225.  Pt. 

1888:  21.  T.  Akdbews.  On  the  action  of  nitric  acid  on  bismuth  and 
other  metals.  (Passive  state  in  bismuth  induced  by  contact  with 
platinum.)  Pt. 

Phil.  Mag.  12  (1838),  305;  Ann.  der  Phys.  (Pogg.),  45  (1838),  121; 
BerzeliuB  Jsb.  19  (1840),  222. 

1838:  22.  A.  Gattdin,  Note  sur  I'application  de  la  lumi^re  Drummond 
k  F^clairage  public  et  priv6,  (Properties  of  the  alloy  of  platinum 
and  iridium.)  Pt,  Ir. 

C.  R.  6  (1838),  862;  J.  prakt.  Chem.  16  (1839),  5^. 

1838:  23.  J.  W.  Doberetxer.  Wirkimg  von  Iridosmium  zur  Induc- 
tion der  Warme  in  Fliissigkeiten^  nnd  zur  Lcisung  des  Zinnes 

U.  8,  W.  In  Os. 

J.  prakt.  Chem.  15  (1838),  319;  Berzeliue  Jsb,  19  (1840),  224. 

1838:  24.     G.  Bird.     Observations  on  some  peculiar  properties  acquired 
by  plates  of  platina  which  have  been  used  as  electrodes  of  a  vol- 
taic battery.  Pt. 
PhiL  Mag.  [3],  13  (1838),  379. 

1838:  25.    C.  Matteucci.     (Polarization  of  platinum  electrodes.)      Pt. 
L'lnstitut,  ;  PhiL  Mag,  [3],  13  (1838),  469. 

1839:  1.  G.  Rose.  Ueber  das  nrspriingliche  Vorkommen  des  Goldes 
und  des  Platins  im  Ural.  Pt. 

B^r,  Acad.  Berlin,  1839,  265. 

1839:  2*  L.  ITorner.  Verslag  van  een  geologish  ondersoek  van  het 
2uid-oo8te!ijke  gedeeste  van  Borneo.  (Occurrence  and  working  of 
platinum^  p.  Ill  and  following.)  Pt. 

Verb.  Batav,  Genoot.  Eunst  Wetenscb.  17,  ii  (1839),  89;  Ann. 
der  Phys.  (Pogg.),  55  (1642),  526;  Ann.  des  Mines  [4],  3  (1843)» 
ftiO;  Edinb.  N.  PhiL  J.  33  (1842),  284:  BIbl.  Univ.  43  (1843),  195; 
Berg  und  Hiitten  Ztg.  1  (1842),  195:  BerzeUns  Jsb.  23  (1844),  273. 
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1839:  3.     F.  Wohler.     Osmiura-Iridium  in  verarbeitetem  Qol< 

Ann.  Chem.  (Liebig),  29  (1839),  336;  Ann.  des  Mines  [3]« 

672;  Pharm.  Centrbl.  1839,  590;  BibL  Univ.  22  (1839)«  3 

1839:  4.  F.  J.  Malaguti.  Action  du  chlore  sur  plusienrs  i 
ether6es  et  sur  le  m^thylal.     (Theory  of  Zeise^s  acecU 

Ann.  chim.  phys.  70  (1839),  337;  Ann.  Chem.  (Liebig), 
15;  J.  prakt.  Chem.  18  (1839),  27;  Pharm.  CentrbL  183 

1839:  5.    J.  W.  Dobeeeiner.     Analyse  des  Meerschaums.    ( 
sponge  and  meerschaum  for  crucibles.) 
J.  prakt.  Chem.  17  (1839),  158. 

1839:  6.     Geiseler.    Ueber  die  Benutzung  des  brennenden  W 

gases  als  Lothrohrflamme.     (Platinum  glows  brilliantb 

Arch,  der  Pharm.  [2],  17  (1839),  144;  Pharm.  Centrbl.  IK 

1839:  7.  F.  Ktjhlmann.  Travail  relatif  aux  propriety  d 
divise,  et  aux  ph6nom6nes  de  F^therification. 

C.  R.  9  (1839),  496;  J.  prakt.  Chem.  19  (1840),  50. 

1839:  8.  M.  Martens.  Sur  les  produits  de  la  combustion 
Talcool  et  de  Tether  autour  du  fils  de  platine. 

Bull.  Acad.   Sci.  Bruxelles,  6,  1   (1839),  95;  J.  prakt. 
(1839),  372. 

1839:  9.  W.  R.  Grove.  On  voltaic  series  and  the  combinatio 
by  platinum. 

Phil.  Mag.  [3],  14  (1839),  127;  Ann.  der  Phys,  (Pogg.), 

132. 

1839:  10.     W.  R.  Grove.     On  a  new  voltaic  battery. 

Phil.  Mag.  [3],  14  (1839),  287;  Ann.  der  Phys.  (Pogg.), 

GOO. 

1839:  11.     J.  B.     On  the  polarized  condition  of  platinum  eled 
the  theory  of  secondary  piles. 
Phil.  Mag.  [3],  14  (1839),  446. 

1839:  12.  C.  F.  Schonbeix.  Notice  on  some  peculiar  voltaic 
ments. 

Phil.  Mag.  [3],  15  (1839),  136;  Ann.  of  Elect.  (Sturgeon] 
285. 

1840:  1.  A.  Breithaupt.  Beitrage  zur  naheren  Kenntni 
Kiese  und  der  Kies  bildenden  Metalle,  auch  nene  If 
(Iridosmin). 

Ann.  der  Phys.  (Pogg.),  51  (1840),  513. 
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[t,    V.  A.  JxCQUEiaix.    Observations  relatives  a  la  crista] lisation 
{ilatine.    Madificattons  apiiortiies  dans  Tart  de  iravaiUer  ce 

Pt. 

C  It  II  (ISIO),  20*;  Ann.  chim.  phy^.  14  (1940),  213;  Ann.  des 
MincH  p],  Itl  (1841),  645;  ^Viin.  Chem.  (Liebigf),  40  (1841)»  289; 
J,  pnikl,  CUem.  23  (1841),  22:  PoJjt.  J,  (Dingier).  78  (1840)»  48; 
89  (1842),  159:  Berzclius  Jsb*  SI  (1842),  103* 

fi7  L.  TL  voy  Fkllenbebg.  TTeber  die  Zersetzung  der  Schwefel- 
ZQdtalle  durch  Cblorgas,  (Rhodium  enlfid,  p.  63;  palladium  sulfid, 
p,  65;  iridium  sulfide  p.  6Cy\  platinum  sulfid,  p.  ?(),)  Pt,  Pd,  Eh,  Ir. 
Aon,  d«r  Pbys,  (Pog^,)»  50  (1840),  61;  Berzt?UuB  Jab.  21  (1842),  91, 

[4-  H.  I),  Rogers  and  M,  H.  Boye.  Uijoq  a  new  compound  of 
I  (lie  dtutochloride  of  platinum,  nitric  oxide,  and  hydrochloric  acid, 
[(Aqtia  rcgia  on  platinum,)  Pt. 

Xm^T,  J,  of  8ci.  38  (1840),  186:  30  (1840),  369:  Trans.  Amer.  Phil. 
Soc.  7  (1841),  59;  Ann.  Chem.  (Uebi^),  40  (1841).  289;  Btsrzelius 
Jub.  21  (1842).  138;  J,  prftkt.  Chem,  26  (1942).  150;  Jab.  Chem, 
1II67,  319;  Phttrm.  Centrbl.  1842»  IM);  VhU.  Mag^.  [3].  17  (1840), 

J.  Reisbt.  Observations  sur  une  combinaison  nouvelle  de 
platine  etc.  d'ammoniaque,  consid6r6e  comme  le  radi- 
de  Gros,  Pt. 

C,  R.  10  (1840),  870;  11  (1840),  711;  Ann.  Chem.  (Liebig),  3C  (1840)^ 
111:  J.  prukt.  Chem.  20  (1840).  500:  Ann.  des  Mines  [3].  19 
(1811),  aiG;  Ber»eUvis  Jsb.  21  (1SI2).  loi. 

Parl^ot.     (Reduction  of  platinum  from  potassium  platini- 
chlond,)  R. 

J.  chlm.  m6d.  Apr.  (1840);  Pol^t.  J.  (Dingier),  77  (1840),  396. 

pT*  F,  HbrKR.  Observations  et  recherches  exp^ri  men  tales  sur  le 
,  plniiDe  consid^r^  conimo  agent  phy&iologique  et  th6rapeutique. 
I  (Less  poisonous  than  gold;  useful  in  syphilis.)  Pt- 

Gaar.  mt^dicalo  (IS40),  No.  48;  J.  <lc  Phami.  27  (1841),  213;  Pharm, 
C«nirbl.  1841,  111;  J.  chitn.  ni^d.  [2],  8  (1842),  380, 

B*  Habe.     Exhibition  of  fused  platinum  at  meeting  of  the 
[Ainer-  Phil.  Soc.  Pt. 

Ax»4!r  J.  of  Sei.  .18  (1840),  155,  103. 

R  BoTTOGfi.     Eini|?e  neue  auf  die  Vergoldung  und  Verplatin- 
der  Metalle   durch  Galvanismus  Bezug  habende  Erfahr- 
liUlgeti.  PL 

Aim.  ilhmm.  (UebJp),  n^  f  )S40),  350;  BerzcUus  Jsb,  21  (1842),  111. 
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1840: 


10*     [N.  W.?]  Fischer.     Platiniun  wire  for  musical  instnmieiita. 

Pt, 
J.  Frank.  Inst.  [2],  2i   (lH4<rK  a:iO:  from  Mecli.  Mag.  and  Athe- 
ne um. 


IL 


Uses  of  palladium. 


Pi 


J.  Frank.  Inst.  (2],  25  (1840)»  201;  from  Lond.  J.  Arts  Scl. 

12.  V.  Regnaitlt.  Recherches  but  le  chaleur  apicifiqiie  de» 
corps  Bimples  et  composes.  (Specific  heat  of  platinum:  platiuum 
73  :  45;  9  :  345;  palladium  73  :  47;  iridium  73  :  53.)  Pt,  Pd,  Ir. 
Ann.  chim.  phys.  73  C1840)»  5;  [3],  9  (1843),  322;  Ann.  Chem. 
(Liebi^),  36  (1S40).  108;  52  (1844),  170;  Ann.  dcr  Phy«.  (PoR^f 
51  (1840),  44,  221.  223,  336;  62  (1B44),  74. 

1840:  13,    M.  H.  Jacobi.    Mesure  comparative  de  raction  de  deux 

couples  Yolt^ques,  Tun  cuivre-zinc,  Fautre  platine-zinc.  Pt. 

Bull.  Acad.  Sci,  St.  Petersb,  6  (1840),  368;  Ann,  der  Phys.  (Pore.), 

50   (1S40),  510;  PhH.  Mag.   13] »  17   (1840),  241;  C.  R.   11   (1840), 

1058. 

1840:  14.    A.  Smee.     On  the  galvanic  properties  of  the  metallic  elemen- 
tary bodies,     (Plating  platinum  plates  with  platinum.)  Pt- 

Phil.  Mag.  [3],  16  (1840),  315;  Ann.  der  Phys.  (Pogg*)*  61  (1S44), 
593;  Proc.  Elect.  Soc.  London,  1837-40,  202, 

1841:  1.    X  W.  DoBEREiNEE,     Platin  in  dem  goldhaltigen  Sande  dea 
Rheins,  Pt, 

Archiv.  der  Pharm.  25  (1841).  57;  Ann.  des  Mines  [4]  3  (1843), 
850;  Berzeliua  Jsb.  22  (1843),  199;  J.  Frank.  Inst.  [3],  8  (1344)^ 
72;  Edinb.  N.  Phil,  J,  34  (1843),  184, 

2.  F.  D,  H.     Ueber  das  Vorkommen  und  die  Abscheidung  di^^H 
Platins  in  dem  goldhaltigen  Rheinsande.  P^* 

ArchiF.  der  Pharm,  25  (1841),  37, 

3,  B,  HEBMAim*    Ueber  Ural-Orthit  und  Irit,  zwei  neue  liCneT- 
alien.  Ir,  Os. 

J.  prakt.  Chem.  23  (1841),  273;  Berzelius  Jab.  22  (1843),  191; 
Jsb.  Chem.  1849,  734;  1860,  742;  Kenngott,  Mineral.  Unt^rsuch* 
ungen,  Heft  1,  61;  Berg  u.  Hiitten  Ztg.  1  (1842),  897;  Ann.  des 
Mines  [4],  3  (1843),  852, 

1841:  4.    .    Quantit^s  de  •  .  *  platine  exploitiee  en  Bussie 

en  1840.  Pt 

Ann,  des  Mines  de  Eussie^  1841,  424;  Ann.  des  Mines  [f|,  5  (ll»44), 

620, 

1841:  5.     G.  Rose.    TJeber  die  Dimorphie  des  Iridiums,  Ir. 

Ann*  der  Phys,  (Pogg.),  54  (1841),  537;  Berzelius  Jsb.  22  (1B43>, 
110;  Berg  u.  Hiitten  Ztg.  1  (1842).  IGL 


1841: 


1841: 
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&    T.  G,  TiLLEY,    Ueber  die  angebliehe  Verwandlimg  von  Eho- 
dnnD  in  Eisen.  Bh. 

Ami.  Chcm.  (Litsbig).  39  (1841),  32U 

7.    0,  C,  WiTTSTEiN,     (Preparation  of  the  oxid  of  platinum.)    Pt 
Beperl.  fiir  Pharm.   (Buchner),  24  (1841)»  45;  Ann,  Cbcm-   (Lie* 
^Eh  ^^  (^S42).  276;  Ann.  dee  Mines  [4],  2  (1842),  229;  PbAzm. 
Oentrbl.  1842,  190;  Berz^lius  Jsb.  22  (1813),  109. 

ft.    A.  Dklarivb.     Notivelles  recherches  sur  les  propri6t^8  des 
conimnta  ^lectriquee  discontinues,     (Oxidation  of  platinum,)     Pt. 
Arcliivea  de  l*Electr,  1   (1841)»  175;  Ann,  der  Phys.   (Pogg*)>  54 
(1641),  378;  Ann.  of  Elect,  (Sturgeon),  D  (1S42),  91, 

9,    C,  KAincKLSBEHG.    TJeber  die  bromsaure  Sake.     (Platinum 

ealta  exist  only  in  solution.)  Pt,  Pd, 

Ber.  Ak«d.  Berlin,  1841,  326;  Ann,  der  Phya.  fPoggOf  55  (1842),  86; 

prftkt.  Cbem,  24  (1841),  285;  25  (1S42),  225;  Berseliufl  Jab.  22 

843),  142« 

0.    X  J.  BBMZmJXjQ*    ITeber  die  neuen  platinhaltigen  Sakbasen 
(iueh  Entdecknng  von  Eeiset  privatim  mitgetlieilt).  Pt. 

BeixeUus  J&b.  21  (1^42),  105;  Ann.  Chem.  (Liebig),  38  (1841),  358: 
Phiirm.  CentrbL  1841,  804. 

11.    R.  [J.?]  Kake.    Abstract  of  the  history  of  a  new  class  of 
plithia-fialta  diaeovered  by  M.  Gros.  Pt. 

PliU,  Mag.  [3],  18  (ISil),  293;  BerzeUua  Jsb.  22  (1843),  108. 

1?.    H,  Feeling.    Ueber  einige  Verbindungen  der  Palladium 
Umloide  mit  Ammoniak.  Pd. 

Ann.  Chan.  (Liebig),  39  (1841),  110;  Phil.  Mag.  [3],  20  (1842).  34; 
Pharm.  Centrbl.  1841,  605;  BerzeUuB  J»b.  22  (1843),  153. 

13.    Keiip.     (Separation  of  gold  from  platinum  by  oxalic  acid.) 

Pt. 
Bepert.  fiir  Ph&rm.  (Buchner),  24  (1841),  235;  Ann.  dea  Mines  [4], 
t  (1842),  230;  Pharm.  CentrbL  1841,  043. 

14*    B-  BoTTGEB.    Ueber  die  Reduction  platinhaltiger  Fliiaaig- 

ketttD  und  Sake  miUekt  Zink.  Pt« 

Ann*  Chem,  (Liebig),  37  (1841).  116;  Ann,  des  Mines  [^l,  2  (1842), 

229;  PboLfin.  CentrbL  1841,  95;  BibL  Univ.  35  (1841),  405;  Ber^ 

Mlina  Jsb.  22  (1843).  107. 

15.    C.    On  the  manufacture  of  platinum  (Iqr  electricity),        Pt. 

PhJL  Mag.  [3],  18  (1841),  442;  BibL  Univ.  36  (1641),  199. 

It,    El  SllwiKD.     Schweinebarkeit  des  PaUadiumai*  Pd* 

J.  pniV  bem.  (Liebig),  40  (1841), 

a^;   L  *aius  Jsb.  2t  (1843).  110. 
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1841:  17*     B.  BoTTGEB.     Neue,  einfache  Methode,  Kupfer  und  Me 
auf  so^enanntem  na&sen  Wege  mit  Platin  zu  iiberziehen. 
Ann.  Chem.  (Liebig),  39  (1841).  175. 

1841:  18»    N.  W.  Ptscher.    Ueber  das  Verbal tiiiss  der  Warmeleitung 
von  Kupfer,  Eisen,  itnd  Platin.  Pt, 

Ann.  der  Phys,  (Vogg.),  52  (1841),  632. 

J41:  19.     H.  Elkikgton.    IniprovemeDt  in  plating  witb  platinum.  Pt* 
LoncL  J.  Arts  Sci.  May  (1841);  J.  Frank.  Inst.  [3],  2  (1841),  40S, 

541:  20.    E.  J.  Johnson.     On  tbe  application  of  native  alloy  for  com- 
pass pivots.     (Iridosmium.)  Ir,  Os. 
Ann.  of  Elect.   (Sturgeon),  6   (1941),  64;  Polyt.  J.  (Dingier),  id_ 
(1841)»  79;  The  Athenaeum,  No.  678. 

1841:  21.    M.  H*  Jacobi.     Siir  les  rcmarques  de  M.  Becquerel  relativir 

i  ma  mesure  comparative  de  Faclion  de  deux  couples  voltaiquoSy 

Fun  cuivre-zinCj  Tautre  platine-zinc.  Pt. 

BuL  Acad.  Sci.  St.  Petersb.  8  (1841),  262;  Ann.  der  Phys.  (Po^g.)» 

5H   (1841),  336;  Ann.  of  Elect.   (Sturgeon),  8   (1842),   18;  Proc 

Elect.  Soc'yi  Loudon*  1843,  35, 

1841:  22.    J.   C.   Poggendokff.    Giebt  es  galvanische  Ketten  obne 
primitive  cbemisciie  Action?  Pk* 

Ber.  Acad,  Berlin,  1841,  312;  Arch,  de  PElect  3  (1843),  117;  J. 
prakt,  Chem.  25  (IS-HJ),  177;  J.  de  Phartn.  1  (1642),  385;  Ann. 
of  Elect.  (Sturgeon),  9  (1842),  143;  Ann.  der  Phys.  (Pogg.).  H 
(1841),  353. 

1842:  1.     G.  Rose.     Mineralogisch-geognostische  Reise  naeh  dem  TTraL 

(Gold  and  platinum  production  of  Russia  for  1841,  2,  434.)      Pt. 

Ber^  und  Hiitten  Ztg.  1  (1842),  701;  Berzelius  Jsb,  22  (1$44),  273. 

1842:  2.    J.  Menge.    Nachricht  iiber  einen  mineralogischen  Anaflug  ia 
das  Uralgebirge.  Pt. 

Schriften  Min.  Gesell.  St.  Petersb.  1  (1842),  105. 

1842:  3.    .     Geschichte   und   wisaenacbaftliche   Beachaftig- 

ungen  *der  Gesellechaft.  (Contains  many  references  to  platinum: 
I.  W.  B6Iow,  discoverer  of  platinum  in  Ural  Mts.  in  1823,  p, 
cxxxvi;  A.  K*  Demidow,  platinum  from  his  mines,  pp.  l^Lxir, 
cxxxiii.)  Pt- 

Schriften  Min.  GeselL  St,  Petersb.  1  (1842)»  1, 

M2:  4.    .     [Platinausbeute  Russlands  1842.]  Pt. 

Berg  imd  Hiitten  Ztg.  1  (1842),  835, 

$42:  5.     — — — :    Vorkommcn  und  Verbreitung  der  Metalle  auf 

der  Erdoberfliiche.     (Platinum,  p.  D.)  Pt, 

Berg  und  Hiitten  Ztg-.  1  (1842),  2. 
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142:  6.    L.  F.  Syanberq.     Om  nagra  mineralier  saint  cm  platina- 

malmens  sammansattning.     (Composition  of  platinum  ore.)       Pt. 

ForhandL  Skand.  Naturforskare,  3  (1842),  505;  J.  prakt.  Chem. 

31  (1844),  169;  Berzellus  Jsb.  23  (1844),  273;  Berg  uud  Hiitten 

Ztg.  3  (1844),  472. 

42:  7.    6.  Robe.    Ueber  die  Dimorphic  des  Palladiums.  Pd. 

Ann.  der  Phys.  (Pogg.),  55  (1842),  329;  Berzelius  Jsb.  23  (1844), 
121;  Berg  und  Hutten  Ztg.  1  (1342),  439. 

12:  8.    B.   [J.?]   Kane.     Contributions  to  the  chemical  history  of 

palladium  and  platinum.     (Palladium  oxid,  p.  276;  chlorids,  280; 

sulfates,  287;  nitrates,  292;  oxalates,  297;  platinum  chlorid,  298; 

platinammonium  compounds,  299.)  Pt,  Pd. 

PhU.  Trans.  London,  132  (1842),  275;  Ann.  des  Mines  [4],  8  (1845), 

231;  PhiL  Mag.  [3],  21  (1842),  50;  Berzelius  Jsb.  24  (1844),  146, 

231,  238;  Pharm.  Centrbl.  1844,  737,  741. 

2:  9.    A.  LmoN  and  G.  H.  E.  Schnedermanx.     Ueber  ein  neues 

Flatinoxydul-Doppelsalz.      (Double     sulfite     of     platinum     and 

sodium.)  Pt. 

Ann.  Chem.  (Liebig),  42  (1842),  :;1G;  Amer.  J.  of  Sci.  44  (184:{).  274; 

Ann.  des  Mines  [4],  5  (1844),  446;  J.  de  Pharm.  2  (1842),  248; 

Berzelius  Jsb.  23  (1844),  221. 

2:  10.     W.  Kkop.     L'eber  cine  neue  Platinverbindun^.     (Potacsium 
platinocvanid,  copper  red  salt.)    ("  Alf?o  discovered  Ijv  Erdmann/') 

Pt. 
Ann.  Chem.  (Liebig),  42  (1S42),  110:  4.;,  Ill;  Ann.  des  MIik-h  [4j, 
5   (1844),  446;   Pharm.  Centrbl.   Ift42,  .•>12.  07m;   ist.'J,   lOJ;  .J.  ii«. 
Pharm.  2  (1^42),  32b;  Berzelius  Jsb.  2'.',  (l-^^i),  21'J. 

2:  11.     C.    IIiMLY.     Vorlaufi^e    Xotiz    c-in^-r    iiouen    M^lKxl^f,    die 

Ifetalle  aus  ihren  Auflr,j:iingen  als  .Schwofc-lm^jtalle  abzuKclieidoii 

und  von  einander  zu  trennon.     L\ct:on  of  sodiuin  t!ii«^-:ulfate  on 

potassium  platinichlorid.  p.  ir»2.)  Pt. 

Ann.  Chem.  (Liebig).  43  fl^;2),  ICO:  J.  d#?  Phanii.  2  (1"^^),  I'M, 

i2:  12.    B.  W.  BuNSEN.     On  a  ni-w  cl^j.-s  of  caro'Iyl  oorrir/oiirjdH  ron- 
taining  platinum.  Pt. 

Mem.  Chem.  Soc.  1  'lT;i2j.  •",:  Phil.  M;ifr.  f';].  20  (lri2),  y/jZ, 

42:  13.     C.    F.    Scho;:b?:!-.     U-  >r   clo    .]\ror 
Platins  und  des  GoVJ--. 

Ann,  der  Phys.  <Poi'i-. •.  ':•'.     r-rj;.  : »'.  2 

ri?42),  zro:  Ber.  Nat.  Ofrs*^::.  li   '■:.  '  (:• 

42:  U.    E.  lIiLLOX.     Bech^rvh  -  ^  .:  :     v:^;  i.. 
platinum  in  aqua  rf^r'a-) 
C.  K.  14  (1W2).  v<. 
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1842:  15.    E.  F*  Marchanb.     tfeber  die  Einwirkiing  der  gliihendi''' 
Metalle  auf  das  olbildende  Gas.     (Auf  Platinum  und  PalladitiTii^ 
p.  490.)  Ft,  Pd. 

X  prakt.  Chem.  26  (1842),  478:  J.  de  Phann.  3   (1843).  60;  Ann. 
Chem.  (Liebigr),  44  (1842),  277;  Pharm.  Centrbl.  1842,  837. 

1842:  ICk    J.  Haidlen  and  C.  R*  Fresexius.     TJeber  die  Anwendnng 
dee  Cyankaliiims  in  der  chemischen  Analyse.  Pt 

Ann.  Chem.  (Liebig),  43  (1842),  131,  145, 

1842:  17.     R.  Haee.     [Fusion  of  platinum  and  iridium.]  Pt,  Ir. 

Proc.  Amer.  Phil  Soc,  2  (1842),  196. 

1843:  1*    A,  VON  Hxjmboldt.      Note  but  le  pins  grand  morcean  de 
platine  tronv^  jnequ'lci  k  Nijni  Tagenlse.  Pt, 

Ann.  des  Mines  [4],  3  (1843),  53;  Amer.  J,  Sc!.  46  (1844).  212. 

1843:  2.     .     Ein    neuea    Stiick    gediegenea    Platina.      (2S 

pounds.)  Pt. 

Bergm.  Joum.  1843,  119;  Berg  iind  Hiitten  Ztg.  5  (1846),  590. 

1843:  3.    Weixlio.    Das  Vorkommen  Ton' Osminm-Iridinm  in  rerar- 
beiteten  Golde,  Os,  Ir. 

Phann.  Centrbh  1843,  207, 

1843:  4,    .     Ueber  die  in  den  nralischen  Hiitten  in  der 

ersten  Halfte  von  1843  gewonnene  Masse  von  Gold  und  Platina* 

Pt. 
Berjcrm.  Journ.  1843,  119;  Berg  nnd  Hiitten  Ztg.  5  (1846),  585. 

1843:  6.    J.   L.   L[assaigne].     Extraction   du   palladium   an   BrfeiL 
(Extraction  of  palladium  in  Brazil.)  Pd. 

Echo  du  Monde  Savant.  ;  J.  cbim.  mM,  [2],  9  (1S43),  614; 

J.  Frank,  Inst.  [3],  7  (1844),  255;  Phil.  Mag.  [3]»  23  (1843),  3M; 
Edin,  N.  Phil.  J.  36  (1843),  207. 

1843:  6.    W.  J.  Cock.    On  palkdinin,  its  extraction,  alloys,  &c.        Pd- 

Prtw.  Chem.  Soc,  (Lond.),  1  (1843),  161;  Ann.  Chem.  (Liebig),  4» 
(1844),  236;  J.  Frank.  Inst.  [3],  6  (1843),  329;  Ann.  dea  Mines 
[4],  5  (1844),  443;  J,  prakt.  Chem.  30  (1843),  20;  J.  de  Phaxm. 
6  (1844),  21;  Phil.  Mag.  [3],  23  (1843),  16;  Polyt,  J.  (Dingier), 
89  (1S43).  385;  Rev.  scientif.  16  (1844),  466;  Chem.  Gaz.  1  (1843), 
193;  Pharm.  Centrbl.  1843,  159;  Bibl.  Univ,  47  (1843),  382. 

1843;  7,    J*  X  Berzelius.     Om  Allotropi  hoa  enkla  Kroppar,  s&aom  en 

of  orsakerna  till  ieomeri  hos  deras  foreningar.     (Allotropie  ein- 

facher  Korper  als  eine  der  Ursachen  der  Isomerie  bei  ihren  Ver- 

binduBgen.)  Ir,  Os,  Pt,  Pd,  Rh. 

Handl,  Vet.  Acad.  Stockholm,  1843,  1;  Ann.  der  Pbys.   (Pogg.)» 

61  (1844),  11;  Ann.  Chem.  (Liebig).  49  (1844),  247;  Scient.  Menu 
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(Tftylor),  4   (lSi6)»  240;  Pharm.  CentrbL  1844,  261;  Berselius 
Jftb.  25  (IBU)^  100. 

18.    C.  Oerhabdt.    Ueber  die  chemische  Classification  der  organ- 

fiicfaeii    Subfitaiuen.      (Analysis    of    chlorplatinates    of    quinin, 

ebTcimiii  and  quinolein.)  Pt. 

J.  pTBkt.  Chenu  28  (1843),  65. 

^9.    P.  Bbrthter,    Sur  qnelques  separations  operee  au  moyen  d^ 
Tidde  Rulfnreur  ot3  des  sulfites  alcalin.  Pt, 

Ann.  chim.  phys.  f2].  7  (1843),  74:  J,  prakt.  Cbem.  29  (1843),  75; 
Aim,  Chan.  (Liebig),  4G  (1843),  182. 

PlO,    B,  BoTTGER.    Warura  vei*sagt  Platinschwamm  so  oft  seinen 
Kenat.  Pt. 

IAon.  Chem.  fUebig),  47  (1843),  348:  J.  prokt.  Chem.  30  (1843), 
272:  Ann.  des  Mines  [4],  5  (1844),  445. 
U*    X    W,    DoBEBEiKER.     Depot enzlrendc    Wirkimg   des   Ara- 
moniaka  auf  ziindenden  Platinschwamm.  Pt. 

J.  pmkt  Chem.  28  (1843),  163;  Berzeliiia  Jsb,  24  (1845),  147. 
VL    J-  W.  DoBEREiNER.    Ueber  Glycerin  imd  Mannit.     (Ein- 
vtrkuDg  von  PlatiDSchwamin.)  Pt. 

J.  pimkt.  Chem.  29  (1843),  451. 

|18«    J.  Bkisrt  and  E.  Millon.    M6moire  sur  les  ph^nom^nes 

I  chimiqucs  dOs  au  contact.    (Action  of  platinttm  sponge  on  organic 

jmbftaneed  at  high  temperatures.)  Pt. 

a  K.  la  (1843),  IIQO;  Ann.  chlro.  phys.  [3],  8   (1843),  280;  Ann. 

Chem.    (Llebig),  48   (1843),  199;  BibL  Univ.  46   (1843),  160;  J. 

pmkt.  Chem.  29  (1843),  365;  rinstitut.  No.  403;  Pharm.  CcntrbU 

ia43,  525;  Berzellus  Jsb.  24  (1845),  20. 

_C.  F.  ScHONBEDT.    Eiaige  Beobachtungen  iind  Bemerkungen 

Einfluss,  den  gewiase  Gasarten  auf  die  Zundkraft  doa 

j  ansiiben.  Pt. 

J.  pmkt.  Chem.  29  (1843),  238;  BibL  Univ.  46  (1843),  113;  Berxelitia 

Jab.  24  (1845),  147. 

fl5,    B.    BoTTCER.     Feber   das   Ver]ilatiniren    anf  galvaniscbem 
Wege-  Pt. 

J.  prakt.  Chem.  30  (1843),  267;  Ann.  Chem.  (Liebi?),  47  (1843),  342. 

t8«    ■  CoveriDg  copper  and  brass  with  platinum.    Pt. 

Ann.  of  Chym.  and  Pract.  Pharm.  1843;  J,  Frank.  Inst.  [3],  6 
(1843),  357, 

II,     M.  Leplay.    Recherdiea  gSologiques  dans  rOural.     (Occur* 
[  rence  of  platinum.)  Pt 

C  B.  19  (1844),  653. 
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1844:  2.     M.  M.  Kositzky.     Notiz  iiber  das  uralsche  Platin.    (Compo- 
sition of  ore.)  PL 
VerhandL  Min.  Gesell.  St.  Petersb.  1844,  165. 

1844:  3.  M.  M.  Kositzky.  Ueber  die  Scheidung  des  Iridinms  tit 
Miinzhofe  zu  St.  Petersburg.  Ir,  R,  Pd,  Bh,OL 

VerhandL  Min.  Gesell.  St.  Petersb.  1844,  178. 

1844:  4.  C.  Claus.  Untersuchimg  des  Platinriickstandes,  nebst  vorliu* 
figer  Ankundigung  eines  neuen  Metalles  (Buthemum).  (Atom» 
weight  of  Ru  =  104.57.)  R,  Pd,  Ir,  Os,  Rh,  BiL 

Bui.  Acad.  Sci.  St.  Petersb.  3  (1845),  38,  311,  354;  Ann.  CbeoL 
(Liebig),  56  (1845),  257;  J.  prakt.  Chem.  32  (1844),  479;  34  (1845), 
173,  420;  Ann.  der  Phys.  (Pogg.),  64  (1845),  192;  65  (1845).  200; 
Ann.  des  Mines  [4],  8  (1845),  234;  Amer.  J.  ScL  48  (1845).  401; 
Berzellus  Jsb.  25  (1846),  205,  297;  Pharm.  CentrbL  1844.  Ml» 
646,  858;  1845,  353;  Chem.  Gaz.  3  (1845),  Feb.  1;  J.  de  Phann.T 
(1845),  442;  8  (1845),  381;  PhlL  Mag.  [3],  27  (1845),  230;  Kbl 
Univ.  58  (1845),  387;  Oefversigt.  Akad.  Forh.  Stockholm,  t 
(1845),  1;  3  (1846),  61. 

1844:  5.  C.  Claus.  [Title  in  Eussian.]  ((Ilhemical  investigatioB 
of  the  residues  of  Uralian  platinum  and  of  the  new  metal  ruthe- 
nium, Kazan,  1844.     Demidoff  Prize  Essay.) 

R,Pd,Ir,Os,Bh,aL 

1844:  6.  C.  Claus.  (Fallung  der  Ehodiumlosung  durch  Kalk  nud 
durch  borsaures  Natron.)  Ki. 

Bui.  Acad.  Sci.  St.  Petersb.  2  (1843),  158. 

1844:  7.  E.  Fremy.  Recherches  sur  les  acides  metalliques.  (Osmic 
acid.)  08,Ir. 

C.  R.  18  (1844),  144;  Ann.  chim.  phys.  [3],  12  (1844),  457;  Amu  1 
des  Mines  [4],  5  (1844),  448;  Ann.  Chem.  (Liebig),  52  (1M4),  i 
271;  Amer.  J.  Sci.  48  (1845),  185;  49,  199;  Berzelius  Jsb.  25  (1»45), 
203,  232;  J.  de  Pharm.  5  (1844),  188;  J.  prakt.  Chem.  31  (1M4), 
482;  34  (1845),  303;  Pharm.  CentrbL  1844,  266;  1SJ5,  173;  Pol|t 
J.  (Dingier),  92  (1844),  208;  PhiL  Mag.  [3],  24  (1844),  393.474; 
Revue  scient.  3  (1844),  333. 

1844:  8.  E.  Fremy.  M^moire  sur  I'osmium.  (Very  full,  inclnding 
atomic  weight  Os  —  199.65.)  ^>*. 

C.  R.  19  (1844),  468;  J.  de  Pharm.  6  (1844),  241;  J.  prakt.  Chem. 31 

(1844),  407. 

1814:  9.     L.  ScHAFFXER.  Ueber  die  Zusammensetzung  einiger  Hvdrate. 

Pt 
Ann.  Chem.  (Liebig),  51  (1844),  168;  Pharm.  CentrbL  1844.  9U. 
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W,    T,  WTOTHEnr.    ITntcrsudiung  des   Knoblauchols.     (Pkti- 
Bum  aod  palladium  compounds.)  Ft«  Pd. 

Anil.  Chcio.  (Liebig),  51  (1844),  2St);  J.  de  Plianii.  7  (1845),  174; 
BcneLiuM  Jsb.  25  (1845),  630, 

in*  M.  Peybojte,  De  raction  de  rammoniaque  sur  le  proto- 
I  dilorur^  di*  platine,  Pt. 

Ann.  diim.  phys.  [3];  12  (1844).  IdS;  16  (1S46),  462;  Ann.  Cliem. 

(Li«big).  51  (1844),  1;  55  (1B45),  205;  J.  de  Pharm.  9  (1846).  158; 

18   riR47),  221;  Pharm.  Centrbl.   1844,  769,  764;   1846,  199;  Ber- 

rcllim  J8b.  25  (1846),  215,  242;  26  (1847),  264. 

.J«  Reiset.     M6moire  sur  les  combinaisons  de  deux  Douvelles 
alcalines  conteuant  du  platine.     (Reiset'.**  plat-ammonium 
}m$e.y  Pt. 

Ann.  chim.  phyti.  [-'^1.  ^3  (1844),  417;  J.  prakt.  Chem*  33  (1844), 
321;  Arm.  Chem.  (Li*»bl|?),  :,2  (1844),  202;  Ann.  des  Mineji  [i], 
B  (1S45),  228;  C.  R,  18  (1844),  llOO;  Pharm,  Centrbl.  1845,  113; 
B«rxelius  Jab.  25  (1846),  214,  234. 

[13.  J.  Blytix,  On  the  composition  of  narcotine,  and  some  of  iU 
\  pfodacU  of  dccompositioa  by  the  action  of  bichloride  of  platinmn. 

Pt. 
Proc.  Cli^m.  Soc.  London,  2  (1844),  163;  Ann.  Cliem.  (Liebig'),  50 
(1M4),  29;  PhlL  Mag.  [3],  25  (1844),  363. 

B.  F.  Mabch^vnd.  Ueber  das  speciiische  Gewiclit  der  Platina. 
J.  prakt*  Chem.  33  (1844),  385;  Pharm.  Oatrbl.  ^45,  191.  Pt. 

1 15.    F*  REicn.     Notiz  iibcT  dns  Kohlenoxj^dga^sgcbliise  (Schmel- 
xen  des  Platins).  Pt 

J«  prakt.  Chem.  3:i  (i^^»U.  4T8. 

A.  pLEifiCHL*     Ueber  das  Kntstehen  der  Bla&en  in  Platin- 

Itb^chaften.  Pt. 

Ann.  der  Phy«.  (Pogg.),  63  (1844).  Ill;  Pharm.  Cenirbl,  1845,  143. 

n.    J,    W,    DoBEREiNER.     ErhohuBg  der    oxydirenden    Eigen- 

schaften  des  Plat]nmohr&,  PL 

J,  tSr  prakt.  Pharm.  0  (1844),  233;  Pharm.  Centrbl.  1844,  879; 
Berseljcis  Jsb,  25  (1S46).  213. 

[ft.    K-  A.  IltaacUBERO.  Ueber  Anfertigung  'l^r  Plnfln^rl.wainra- 
chcn.  .  Pt* 

Berllnrr  Gi*w.-.  Indust.-  und  Handelsblalt,  1,  2,  ^o,  20;  I'olyt.  J. 
(mnglcr),  94  (1844).  208. 

J.  C-  PoooEXDosFF.     Besclireibung  der  Wippe.     (Action  of 
plfttiDized  platinum  plates.)  Pt- 

Ann.  der  Phys.  (Pogg.).  61  (1844).  593. 
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1844:  20.     C.  F.  Sohonbein.    Ueber  den  Einflufis,  den  gewiase  Q 
auf  die  Ziindkraft  des  Platins  ansiiben. 

Ber.  Verb.  Naturf.  GeseU.  Basel,  6  (1844),  5. 

1844:  21.    G.  Wertheim.    Becherches  sur  r^lasticiU.    (Elasti 
platinum  and  palladinm.) 

C.  R.  19  (1844),  229;  Ann.  chim.  phys.  [3],  12  (1844),  385;  i 
Phys.  (Pogg.),  Erg^nz.  bd.  2  (1848),  !• 

1845:  1.    E.  L.  Schxjbarth.    Ueber  die  yermeintliche  Kennti 
Alien  von  Platin. 

Ann.  der  Phys.  (Pogg.),  65  (1845),  621. 

1845:  2.    J.  S.  C.  Sohweiqqer.    Ueber  Platina,  altes  nnd  nenea. 
tory  of  platinnm.) 

J.  prakt.  Ghem.  34  (1845),  385. 

1845:  3.    J.  A.    Ueber  den  Platingewinn  in  Bnssland. 

Allgemein.  prenss.  Ztg.  ;  Berg  nnd  Hiitten  Ztg.  4 

956,  975. 

1845:  4.    .    Qold-  und  Platinaansbente  am  UraL 

Bergwerksfreund,  9,  Nr.  6;  Pharm.  CentrbL  1845,  751. 

1845:  5.    C.  Claus.    Ueber  die  nenen  Metalle^  welche  von  Prof 
in    dem    Platinriickstande    aufgefunden   worden    sind. 
ruthenium  and  pluran.)  Plu,  Po,  Ru,  Os,  Ir,  Bh, 

BnU.  Acad.  Sci.  St.  P^tersb.  5  (1847),  182;  J.  prakt  G 
(1846),  164;  Edinb.  N.  PhU.  J.  39  (1845),  199. 

1845:  6.     6.  Osann.    Bemerkungen  liber  den  Aufsatz  des  Hen 

Claus^  die  von  mir  aufgefundenen  neuen  Metalle  in  den 

stande  des  uralschen  Platins  betreffend.     (In  J.  prakt.  CI 

164.)  Bu,: 

Ann.  der  Phys.  (Pogg.),  64  (1845),  208;  J.  prakt.  Chem.  31 

111;  Pharm.  CentrbL  1847,  74. 

1845:  7.     G.  Osann.    Analyse  des  in  Salpeter-Salzsaure  unauflj 
Rliekstands  des  uralschen  Platins.  Plu,  Po,  Bu,  Os,  Ir,  Bh, 
Ann.  der  Phys.  (Pogg.),  64   (1845),  197;  69   (1846),  458; 
CentrbL  1847,  167. 

1845:  8.    C.  Claus.    Ueber  das  Polin  des  Herm  Prof.  Osann. 

Bu,  Po,  Plu;  Os,  Ir,  Bh, 
Ann.  der  Phys.  (Pogg.),  64  (1845),  622. 

1845:  9.     [E.  Fremy.]     (Claim  of  priority  on  (Klaus'  work  on  p 
residues.) 

J.  de  Pharm.  8  (1845),  381;  PhU.  Hag.  [3],  27  (1845),  233. 
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10.    0.  G.  Aquilika.     M6moire  but  I'iode  et  but  un  nouveau 
,      T^tXt  de  ce  corps.     (Iodic  acid  as  a  reagent  for  platinum.)      Pt. 

I        J.  ehim.  iD$d.  [3],  1  (1845}»  682.     (Head  before  Soc,  tn6d»  d*eQ- 
ooumg.  de  Maltbe,  Feb.  20,  1845.) 
IL    E,  CoTTEREAU^  FiLS.     Note  8ur  la  yaleur  relative  de  Pamidon 
«t  du  chlonue  platinique  employte  comme  r^actifs  de  I'iode  et  dea 
oompoeis  d'iodc.  Ft. 

J,  ehisD.  iQ^d.  [3],  1  (1845),  637;  Pbaim.  CentrbL  1846,  63. 
L8.    H.  Kopp.     Specifischee  Volum   und  BpecifiBches   Qewicht- 
TabeUen.  Pt,  Pd,  Ir,  Ob,  Bh. 

J,  prakt,  Cbem.  34  (1845).  5. 

K13,    L,  Elsneb.    XJeber  die  Trennnng  dea  Goldes  mid  Platins 


J.  prakt  Chem.  35  (1845),  310;  PolTt.  J.  (Dingier),  98  (1845),  128: 
Phiirm.  Ccutrbl.  1845,  895;  Berg  und  Hiitten  Ztg.  4  (1845),  1128, 


14.    K.  W.  G.  Kastneb.  Frei  erhalten  der  Platin-Tiegel,  -Bleche, 

oLaffel^  *Spatel,  und  dergleichen  vom  Beitritt  dea  Silic  und  dea 

Einene.     {Protected  in  a  Hessian  crucible   filled   with   calcium 

^carbonate.)  Ft. 

Ardk.  der  Pbarm.  94  (1845),  1;  Pbarm.  Centrbl.  1845,  800. 

J.  Wbioer,     (Preparation  of  alloys  containing  platinum  and 

for  dentists.)     (Alloys  of  platinum^  gold,  silver,  and 

[piUadiim.)  Pt,  Pd. 

I^ndon  Journ.  of  ArU,  26   (1845),  308:  Polyt,  J.   (DLngler),  9J 
(iSiS),  380. 

W:  W,    J,   W.   DoBEBEiNBB.     Neue   Beitrage   zur   (Jeschichte   der 
ehemischen  Dynamik  dea  Platins.     (Platinum  sponge.)  Pt. 

II         Amu  der  Phys.  (Pogg.),  64   (1845),  94;  Ann.  Cbem.  (Liebig),  53 
(1845),  145;  J.  de  Pharm.  7  (1845),  366;  Amer.  J,  of  Scl,  [2],  1 
(1846),  110;  Pharm.  Centrbl.  1845,  350;  Beneelius  Jab.  26  (1847), 
I  179. 

1 


I 


17.  C.  F.  ScHONBBiN^  On  some  chemical  effects  produced  by 
platinum.  (Platinum  sponge  on  guaiacum^  potassium  iodid^ 
potasBJum  ferrocjanid.)  Pt. 

Froc  Chenu  Soc.  London,  3  (1846),  17;  Ann.  der  Phya.  (Pogg.), 
67  (1646),  233;  PMl.  Mag.  29  (1846),  40. 

18.  A.  SCHBOTTEB.  Modifications  apport^es  a  certainee  reactions 
dumiques  par  une  tr^s-basse  temperature.  (Platinum  sponge 
without  affect  on  knallgas.)  Pt. 

C.  R.  1N>  (1845),  193;  Ann.  der  Pbya,  (Pogg.),  64  (1846),  471, 
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1845:  19.     p.  HiESS.     Ueber  das  Gliilien  and  Schmeken  von  MetAll- 

drahten  durch  Elektricitat.  Pt. 

Abh.  Acad.  Berlin,  1845,  89;  Ber.  Acach  Berlin.  1815,  185;  Ann. 

der  Phys.    (Pogg.),   65   (1846),  481;  Scieutlf.   Mem.   (Tiiylor),  4 

(1846),  432;  Berzelius  Jsb.  26  (1847),  1. 

1846:  20.  N,  W.  Fischer.  Ueber  das  Vermogen  mehrerer  gas-  und 
dimst-formige  Korper  zu  polarisiren  und  auf  lodkalium.  Cyan- 
eisenkalixmi,  etc.,  zersetzend  einzuwirken.  Pt 

J*  prakt,  Chem.  34  (1845),  ISG;  Berzelius  Jsb.  26  (1847),  S. 

1845:  21.    J.  C.  Poggekdorff.     [Qalvanifiche  Eeilie  in  Cyankalitun- 

losung.]  Pt,  Pd. 

Ann.  der  Phys.  (Poggr.),  66  (1845),  597;  Berxdlus  Jsb.  Z6  (1B47),  U* 

1846:  1.    E.  I.  MuRCHisoN.     Platinum  of  the  Ural  and  Siberia.        Pt 

Amer.  J.  of  Sci.   [2],  2  (1846)»  120;  from  **  Russia  and  the  Und." 

1846:  2.  J.  Fritzsche.  Ueber  eine  vortheilhafte  Methode  der  Anl- 
Bchlieesimg  des  OsDiinm-Tridiunis.  Os,  Ir,  Pt,  Pd,Ilh.  Bu, 

Bull.  Acad.  Sci.  St.  PMersb.  5  (1847),  186;  J-  prakt.  Chem.  37 
(1846).  483;  J.  de  Pharm.  1846,  Sept.;  PhiL  Ma^.  [:^],  29  (184«), 
420;  Polyt.  J.  (Ding-ler),  103  (1847),  15.5;  Ztsch.  anal.  Cbem.  5 
(1866),  119;  Pliarm,  Centrbl.  1846,  511;  Berzelius  Jsb,  27  (184S), 
129. 

1846:  3.     Schmidt  and  JoHXSTOx.    Sur  le  traitement  du  palladium.  Pi 
C,  R  22  (1846),  335;  Ann.  des  Mines  [4]»  11  (1847),  525;  rin^titiit, 
No.  634,  65;  Polyt.  J.  (Dingier),  99  (1846).  4S2;  Berg  \u  Hutteii 
Ztg.  5  (1846),  703;  Chem,  tecb.  Mittli.  (Eisner),  1  (1846^8),  34, 

r846;  4.     G.  Osann.     Platin  im  oxydirten  Zustande,  Pt 

Ann.  der  Phys.  (Pogg.).  07  (1846),  374;  Pharm,  CcntrbL  1846»  ML 

1846:  5.    W.  Knop  and  G.  H.  R  Schnedermakn.    Ueber  die  CjaaTW- 

bindxmgen  des  Platins.  Pt 

J.  prakt.  Chem.  37   (1846).  461;  Ann.  Chcm.  (Liebig),  64  (1S47), 

300;  J.  de  Pharm.  10   (1846),  223;  Pharm.  CentrbL   IB46p  633; 

Berzelius  Jsb.  27  (1848),  192. 

1846:  6.     W.  IlAiDrNGEB.    Merkwiirdige  FarbenvertheiJung  am  Cyan- 

platinmagnesium.  Pt 

Hnidinger  Ber.  1  (1846),  3;  Ann.  der  Phys.  (Pogg.)»  68  (1846),  308, 

1846;  7.  C.  Claus.  Ueber  die  chemischen  Verbaltnisse  dea  Ruthen- 
inms,  verglichen  mit  denen  des  Iridiums.  Ru.  Ir. 

Bull.  Acad.  Sci.  St,  P6tersb.  5  (1847),  241;  Ann.  Chem.  (Llebig)» 
59  (1846).  234;  Ann.  des  Mines  [4],  11  (1847),  326;  J.  prakt 
Chem.  39  (1846).  88;  J.  de  Pharra.  11  (1847).  76,  i:?7;  Phil.  M»g. 
[3].  29  (JB46),  556;  Pharm.  Centrbl.  1846,  817;  Berzelius  Jab. 
27  (1848),  116  (with  critidEm  by  Berzelius),  132. 
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C,  Cutirs-     Te^i  for  ruthenium.     (Fueion  with  salpeter  and 


potaah.) 


Ru, 


11. 


Tbe  CbeiDist,  184G,  Jan,  1;  Amer.  J.  of  Sci.  [2],  2  (1846)>  111. 

Lb  F.  Stakbkro.     (Osmic  acid.)  Os. 

Otffer&igl.  Akad.  Forhand.  3  (1846),  36;  Berzelina  Jab.  26  (1847), 
JSl. 

|0l    J.  Fritzsche  and  H,  Stritvt;.     Ueber  die  Osman-osmium- 
limt,  Os. 

BuL  Acad,  Sei.  St.  P^tersb.  f3  tl^4H),  81;  Ann,  Chem.  (Liebig),  64 
(IS47),  2Ga;  Anm  i3es  Mines  (4J.  15  (1849),  149:  J.  de  I'harm,  [3], 
IS  (1847),  'i04  (with  Gerliardt's  comments);  J,  prakt.  Chem.  41 
(1847)»  07:  PhiL  Mng,  [3],  31  (1847)»  534;  Pharm.  Centrbl.  1847, 
385;  JsK  Chem.  1847-48,  4G1;  Eapp.  Ann.  (Berzelius),  1847,  92; 
noatitnt,  17  (1849),  143;  Berzeliua  Jsb.  37  (1848),  155. 

Hakwsky.     Recherches  sur  les  divers  composes  platiniques 
dirixtB  du  sol  vert  de  Magnus.  Pt. 

a  R.  23  (1846),  353;  24  (1847),  1151:  25  (1847),  794;  Ann.  ehlm* 
phys.  [3],  22  (1848),  278;  J.  de  Pharm.  [3],  12  (1847).  223;  14 
(1848),  31/5  (with  Gcrhordt^a  oomments);  Ann.  Chem,  (Liebig)» 
54  (1847),  30t»;  6«  (1H48),  Md;  Pharm.  Centrbl.  1S47,  ii36;  1848, 
100;  J»b.  Chem.  1847-48.  455;  J.  Oiem.  Soc.  1  (1848),  189;  Ber- 
sellufl  Ji»b«  28  (1849),  158. 

H.  Bosk.     Ueber  die  Einwirkung  des  WaFaers  auf  Chlor- 
ttnetalli^  Pt,  Pd. 

Ber-  Acad.  (Berlin),  1846,  180;  Ann.  der  Phys.  (Pog^,).  ^  (1846)» 
414,  445;  J.  prakt.  Chem.  38  (184G),  41)S. 

Cp  B.  Fresexits,     Ueber  die  LdelichkeiteverhaUnisee  von 

Mnigen  bei  der  qiiantitativen  Analyse  als  BeBtimraung^sformen, 

frt<*.»  ilit*m»mh*n   Nii'iiersclilagen.     (Solubility  of  ammonium  and 

polasiinm  platinichlorid  in  alcohoh)  Pt. 

Ann.  Chem.  (Llebig),  59  (1846),  117:  Pharm.  Centrbl.  1847,  36. 

14,     L*  Crosxieh.     Sur  Toction  reciproque  de  quelques  sulfiires 

ImetaUiqnes  naturels,  et  des  eels  de  pJatijie.  Pt. 

a  m*  23  (1846),  217. 
|5«     B.  Ha  EC.     Fusion  of  iridium  and  rhodium.  Ir,  Rh. 

Aisrr.   J.   of   8cJ.    [2],   2    (1846),   ?.(,:,;   Rev.   scient.   0    (1846),   233; 
Tharm,  CentrbL  1847,  415;  Berzeliiia  Jab.  28  (1849),  76. 
IG,     L,  Elsxer,     Beobachtunpen  iiber  das  Verhalten  regulini* 
Bcher  Metalle  in  einer  wttssrigen  I^jsixng  von  Cyankalium.     fPlati- 
IBimi  not  Bolnble  when  used  as  anode.)  Pt. 

J.  prakt.  Chem.  37  (lfl4G),  »4l;  Polyt.  J.  (Dingier),  101  (1846),  117; 
Fharm,  Centrbl.  1846,  662;  Berzelius  Jsb.  27  (1848),  8. 
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1846:  17.    L.  Platfatr  and  J.  P.  Joule.     Researches  on  atomic  toI- 

umes  and  specific  gravity*     (Pt,  Pd,  Rh,  Ob,  Ir,  pp,  62,  63;  Pt 

sponge,  69;  Pt,  72;  PtS,  PdS,  89;  allotropic  conditions  of  Ir,  0% 

97;Pt,  98.)  Pt,  Pd,  Rh,  Ir,  Ofi, 

Proc.  Chem.  Soc.  London,  3  (1846),  57;  Phil.  Ma^.  27  (1845),  474. 

1846;  18.     ToNNELiEB.     Einfaclies  Verfakren,  chemische  Gefasse  Yon 
Gyps  zn  reinigen,     (Boiling  with  solution  of  potaaaium  carbon- 
ate.) Pt 
Pharm.  CentrbL  1846,  271. 

1846:  19.    M.  Fabaday.     Magnetism  and  diamagnetiam  of  metals, 

Pt,  Pd,  Rh,  Ir,  (X 
Phil.  Trans.  London,  136  (1846),  47;  Ann.  der  Phya,   (PoggO*  *<> 
(1847),  35;  BihL  Univ.  Arch.  2  (1846),  145. 

1846;  20.     C.  F.  Schonbein.     On  the  influence  exerted  by  electricity, 

platinum,  and  silver  upon  the  IrnniBOsity  of  phosphorus.  R, 

Proc.  Chem.  Soc.  Loud,  3  (1846),  104;  Ann.  der  Phys.  (Po^.),  «_ 

(1646),  37;  Phil.  Mag.  [3]»  29  (1846),  122. 

1846:  21.    E.  Becqtjebel*    Becherches  sur  la  eonductibillte  electriqw" 
des  corps  solides  et  liquids.     (Conductivity  of  platinum  and  palla- 
dium.) Pt,  Pd, 
C.  R.  22    (1846),  416;  Ann.  chim.  phys.    [3],  17   (1846),  242;  Ann. 
der  Phys.  (Pogg.),  70  (1847),  243;  Amer.  J.  Bci.  8   (1849),  185; 
Jab.  Chem.  1847-48,  289. 

1846:  22.  W.  R.  Grove.  On  certain  phenomena  of  voltaic  i;^^miion, 
and  the  decomposition  of  water  into  its  constituent  gases  by  heat 
(Decomposition  by  platinum  and  osmiridium.)    Bakerian  Lecture. 

Pt,08,Ir. 
Phil.  TraDB.  London,  137  (1847),  1,  17;  Proc.  Roy.  Soc  Londofi,  t 
(1861),  657;  PhiL  Mag.  [3],  31  (1847),  20,  91,  96;  Ann.  chlm. 
phys.  21  (1847).  129;  Bibl,  Univ.  Arch.  5  (1847),  18,  112;  J.  prakt. 
Chem.  43  (1848),  309;  J,  de  Pharm.  12  (1847),  154;  14  (1848),  29; 
Ann,  Chem,  (Llebig),  63  (1847),  1;  Ann.  der  Phys.  (Pogg*),  Tl 
(1847),  194;  Pharm.  Centrbl,  1847,  632. 

1847;  1.    Maximilian  Hebzoo  von  Leuchtenberq.    Weitere  Tinier- 

suchungcn  des  echwarzen  Nicdcrschlages,  welcher  sich   an  der 

Anode  bci  der  Zersetzung  dee  Kupfervitriols  durch  den  galvan* 

ischen  Strom  bildet,     (Platinum  in  copper  ores,)  Pt, 

BtiU.  Acad.  Sci.  St.  P6tersb,  6   (1848),  129;  J.  prakt.  Chem.  41 

(1847),  222;  Polyt.  J.  (Dingier),  106  (1847),  35;  Jsb.  Chem.  1847- 

48, 1022;  Berzelius  Jsb.  28  (1849),  85. 

1847;  2.    Molnab.     (Platinum  in  sand  from  OhMpian,  Hungary.^' 
Haidinger  Ber.  3  (1847),  412,  475;  Jsb.  Chem.  1847-48,  1152. 
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1 8»    KoprrzKY  and  A.  Patera*    (Platinum  not  in  Ohlapian  sand.) 
HniiUnger  Ber,  3  (1847)»  439;  Jgb.  Cbem.  1847-4a»  11S2.  Pt. 

[  4.     C*  U,  Shepard.     Native  platinmn  in  North  Carolina.    (Kiith- 
erfoid  Co,)    (Mistake,  see  1892:  1.)  Pt. 

Amifn  J.  Sci.  [2],  4  (1847),  280;  Ann.  dcr  Phys.  (Pogrg.).  "^  (1*^^S). 
320:  X  prakt.  Cbem.  45  (1848),  454;  Pbarm.  CentrbL  1848,  511; 
J»b.  1847-48,  1152;  Berg  und  Hiitten  Ztg.  8  (184^).  79. 

4J.  QuTN^TUS  IciLius.  Die  Atomgewichte  Tom  Palladium, 
Kalinin,  Chlor,  Silber,  Kohlenstoff,  und  Wasserstoff,  naeh  der 
Methode  der  kleinsten  Quadrate  berechnet.  Inuiig,  Diss.  Got- 
tinireii,  1847,     (Pd  =  111.879.)  Pd, 

5.    M.   Pkttenkofer.     Ueber  die   Affinimng  des   Goldcs   und 

vimr  die  grouse  Verbreitung  des  Platins.  Pt. 

Grlrhrte  Anx.  Miinchen,  24  (1847),  589;  Bull.  Akad.  Sci.  M^ncben, 

JB47,  101;  Polyt.  J.  (Dingier),  104  (1847).  118»  108;  Ann.  Cbem. 

(Llebig).  n4  (1847),  294;  Repert,  der  Pharm.  1847,  72;  Pbarm. 

CentrbL  1S47,  766;  Berzelins  Jsb,  28  (1849),  85. 

H.  Hkss.  Note  eur  le  traitement  du  mineral  de  platine. 
n  with  zinc)  Pt,  Pd,  lih,  Ir,  Os,  Ru. 

Acad,  8d.  St.  P^tersb.  6  (1848).  80;  Ann.  Chem.  (Liebig).  64 
(1847),  267;  Ann.  des  Minea  [4],  15  (1849),  149;  19  (1851).  415; 
nnsiitut,  17  (1849).  144;  J.  prakt.  Chem.  40  (1847),  498;  Polyt, 
J*  (Dingier),  104  (1847),  468;  J.  Frank.  Inst.  [3],  15  (1848),  388; 
Jab.  Chem.  1847-48.  453;  Civ.  Eng.  and  Arch.  Joum.  ; 

em.  tech.  Mitth.  (Eisner).  1   (1846-48).  48;  Berzelina  Jsb.  Sa 
(1849).  85. 

C.  Claus.     Beitrage  zur  Chemie  der  Platinmetiille.     (Iridium 

ehlririd,  and  sulfites,  p,  273;  osmium  sulfites,  27S;  platinum  eul* 

files,  S87;  rathenium  sulfites,  288.)  Pt,  Pd,  Rh,  Ir.  Ob,  Rlu 

Ball.  Acad.  ScL  St.  Petersb.  6  (1848),  273;  Ann.  Chem.  (Liebig), 

B.'S  (1847),  .137;  J.  prakt.  Chem.  42  (1847).  348;  J.  de  Phann.  [a], 

14  (1848).  385;  Pharm.  CentrbL  1847.  849,  867;  J&h.  Chem.  1847-48, 

453,  457.  458,  461;  rinstitnt,  17  (1849).  143.  244;  Ann.  des  Minea 

[IJ,  19  (18S1),  415;  Phil.  Maj?.  [3],  35  (1849),  396:  Amer.  J.  ScL 

(2],  9  (1850),  422;  BerzeUuB  Jab.  2S  (1849),  76. 

9,  C,  Claus.     [Indiumcblorid,]  Ir, 

BerzeHns  Jsb.  26  (1847),  262. 

[9.  C.  Claus.  [Verhalten  des  Iridiums  gegen  schmehendea  Kali 
mid  Salpeter*]  Ir, 

Berxelius  Jab.  26  (1847),  184. 

10,  C.  Claus  (J.  J.  Berzelius).  [Vorkommcn  des  Ruthen- 
lotns,  Methode  auazuziehen,  und  Beschreibung  der  Sake.]     (Thia 
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1847:  12. 


1817: 


contains  Berzelius'  criticism  of  Clans'  discovepy  that  tlie 
SKCljIrCljt  of  Berzeliug  is  really  2KCU  RiiCl^ — in  reality  it  is 
2KC1,  liuCJ.NO,  see  1889:  9  and^l894:  11.)  lln,  Ir. 

Berzelius  Jsb.  S6  (1847),  181. 

1847:  11.  X,  W.  Fischer.  Ziir  Geschiclite  des  Palladiums.  (Yerhalt 
zu  Siiurent  P*>gg.  71  :432;  zu  Alkalien,  437;  Doppclsalze,  440.) 

Pd. 

Uebers.  Schlea.  GeseJL  Breslau,  1847,  30;  Ann.  der  Phys.  (Pogg.), 

71    (1847),   431;   Ann,    Chem,    (Liebig),   f*4    (1B47),    260;   Phnrm. 

Centrbl.    1847,  554;  Jsb.  Chem.  1847-48»  457;  BerzeUu9  Jsb.  2* 

(1849),  86. 

C.    Claus.     [Platin    Ammoniak:    Kene    Basis    aus    eiDeni 
Atome  Platinoxyd  und  zwei  Aeqnivalente  Ammoniak,]  R. 

Berzelius  Jsb.  26  (1847),  180. 

13.     M.  Peybone.     Richerclie  comparative  sopra  alcuni  isomeri 

del  sal  verde  di  Magnus.  Pt. 

Mem.  Aead.  Torino.  10  {1S49),  171;  Ann.  Chem.  (Liebig),  61  (1847). 

178;  Pljarm,  CentrbL  1847,  411;  Jsb.  Chem.  1647-48,  454;  Berzelius 

Jsb.  28  (1849),  154. 

1847:  14.  P.  QuADHAT.  TJeber  Verbindungen  des  Platincyaniira  mit 
Cyanmetalien  und  iiber  die  Platinblausaure.  Pt. 

I  Abhandl.  Bohn^^  Gesel.    [5],  5   (1847),  10;  Sitzber.  Akad.  Wien. 

3  (1841*),  10;  Ann,  Chem.  (Liebigr),  63  (1847),  164;  65  (1S48),  24?>: 
70  (1849),  300;  J.  de  Pharm,  [3],  12  (1847),  457;  Fharm.  CenUbl 
1848,  97;  1849,  657;  Jsb.  Chem.  1847-48,  482;  1849,  301;  BerzeHus 
jBb.  28  (1S49),  147. 

1847:  lo.  C.  Rammelsbeko.  TJebor  ein  nenes  Kalinxaknpfercyannr. 
(Mercury  platinocyanid.)  Pt» 

Ann.  der  Phys.  (Pofrg.),  73  (1848),  117;  J.  prakt  Chem.  41  (IHITU 
184;  Ber.  Acad.  Berlin,  1847,  115;  Jsb.  Chem.  1847-48,  4d4. 

1847:  16.  A.  Laurent.  Sur  les  polycyanures.  (Important  article  on 
theory  of  double  cyanids.)  Pt. 

C.   R.   26    (1848),    295;   J.    prakt,   Chem.   42    (1847),    128;   Pharm. 
CentrbL  1848,  423;  Jsb,  Chem,  1847-48,  484. 

1847:  17.     W.  Haidinger.     TJeber  das  Schillern  der  Krystallflachcu. 
(Platinocyauids  of  magnesium,  barium,  and  potassium,  and  plati- 
num oxalate.)  Pt, 
Haidingrer,  Ber.  2  (1847),  98;  Haldinger  AbUandL  1   (1847>.  143; 
Ann.   der   Phys.    (Pogg.),   70    (1847),   574;   71    (1847),   321;  Jsb. 
Chem.  1847-48,  195, 

1847:  18.  W,  Hati>inoek.  Platinverbindungcn  mit  schillemdijii 
Flaclien.     (Cyanide  and  oxalate.)  Pi. 

Haidlnger,  Ber,  2  (1847),  198,  263, 
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\n.    W.  HrrroRF,    Ueber  die  Bildung  einer  blauen  Oxydationa- 
ihif*  (iri^  Plfttiritj  .  ,  .  *  snf  isralvaTiigieheTii  Wege.  Pt, 

Alio,  der  Phyg,  (Pogr^,).  72  (1847),  4S1;  Ann,  Cbem.  (Liebiir)*  B^. 
(1SI7),  26ft:  J,  pmkt.  Chem.  42  (1847),  i6D;  Pharm.  CentrbL  1848, 
8S;  J»b.  Chem.  1847-4tJ»  453;  Berseelius  Jsl>,  2fi  (ih40),  94. 
I 
L.  Ke^LEB.    Note  sur  Teniploi  de  Tacetate  ferreux  comme 

'  moxen  de  A^fiaration  de  Targent.     (Precipitation  of  platinum  by 
Iron  6\jlfftte  n  ith  acptic  acid.)  Pt. 

J.  d<*  Phnrm.  [3],  11  (1847),  8f>;  Palomhn,  Raccoltu,  3  (1847).  379; 
Phfinxi.  CentrbL  1847,  413. 

I  2L     B.  Hare,     On  certain  improvements  iu  llie  construction  and 

.supply  of  the  hydro-oxygen  blowpipe,  by  which  rhodium,  iridiuuv, 

^gr  the  o>*miuret  of  iridimn,  also  jilatinum  in  the  large  way,  have 

fused.  Pt,  Tr/Kh,Os. 

J,  Frank.  Inst,  [:J],  13  (1847).  106;  AmtT.  J.  Sel.  [2],  4  (1847),  37; 
Pliil.  Mag.  [3],  31  (184T),  147,  35*5;  Polyt.  J.  (Dingier),  108  (1848), 
2T0. 

R.  Hare.     Apparatus  for  the  fusion  of  iridium  or  rhodium, 
[fiir  tnfluases  of  platinum  less  than  five  ounces  in  weight.     Pt,  Ir,  Rh. 
J.  Frank.  Inst.  [3],  14  [1847],  128. 

123.    H.  H[ers].     Schmelzbarkeit  des  Iridiumji,  des  Osmirfdiuma 
i  nod  dea  Rhodiums.  Pt,  Ir,  Os,  Rh, 

Btrg  und  Iliitten  Ztg.  G  (1847),  107. 

F-  LxTDERSDOUFF.     (Platinuui  on  porcelain.)  Pt- 

V«rh.  Gew.  B*?f.  Preus.  1847.  ii.  67;  Polyt.  J.  (Diagjer).  105  (1847), 

3€:  Jiib.  Chcm.   1H47-48,   10Ci7;  Chcm.   tech.   Mltth.    (Eisner),   I 

(1846*48),  18, 

^te.    Mkktiox  and  Waqneh.     Platin  als  Legirung  zu  Schmuck- 
Mchen,  etc.  Pt. 

tBre^^tM  d*Inv*ntion.  ISIT,  423;  Polyt,  C^ntrbL  1848,  Mar.  1;  Polyt. 
J.  (Dingier),  108  (184.s).  '4m, 
l8.    0.  Wilson.    On  the  decompoaition  of  water  by  platinum  and 
tlie  block  oxide  of  mangimese  at  a  white  heat,  with  some  observa- 
tiona  on  the  theory  of  Mr.  Qrove'e  experiments.  Pt. 

Prnf*.  Chem-  Soc.  Loiid.  3  (1847),  3.12;  Trans.  Scot.  80c  Arte,  a 
■  1 .  170;  Edinb.  N.  Phil.  J.  43  (1847),  244;  Chem.  Gaz.  5  (1847), 

I  I'hiL  Mag.  ai  (1«47),  177. 

t7.  J.  liAliONT.  Reduction  der  Schwingungen  einea  Magneta 
iitf  den  luftleeren  liaiim.  (Pularitat  des  Palladiums  und  Plat- 
imttm)  Pt,  Pd. 

Atua.  der  Phjn,  (Pogg.),  71  (1847),  12a 
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1848:  1.  E.  GtrEYKARD.  M6moire  hiBtorique  sur  la  d^cotiverte  iu 
platine  dans  les  A!  pes,  Pt 

Moniteiir  Induet.  1848,  Sept.  14;  J.  prakt.  Chero,  45  (1848),  4M; 
a  R,  29  (1849),  814;  Ann.  des  Mines  [4j,  14  (1848),  331;  1ft  (1S49), 
495;  Ann.  der  Phys.  (Fogrg.),  79  (1830)»  480;  Amer.  J.  Sci,  [2],  7 
(1849),  137;  PbiL  Mag.  [3],  36  (1850).  323;  Jsb.  Chem.  1S49,  TU; 
Polyt,  J.  (Ding'ler),  115  (1830).  395;  Berg  tmd  Huttcn  Ztg.  9 
(1850),  479. 

1848:  2.    A.  Fabeb.     Producte  Oetindiens.    (Platinum  in  Bunnah.)  Pt. 

Phorm,  Centrbl.  1848.  569» 

1848:  3.    M,  Pettenkofee.    Ueber  die  grosse  Verbreitung  des  Platina 

und  sein  Vorkommen  in  alien  giildiBchen  Silbarmiinzen.  Pt. 

BulL  Akad.  Miinchen,  1848,  142;  Ann.  der  Phys.  (Fogg.).  T4  (1848), 

31(>:  Kep.  fiir  Pharm*  (Buchner)   [2]*  47  (1847).  72;  Bevue  scien- 

tiflque.  5  (1849),  231;  Jab.  Chem,  1847-48.  453. 

1848;  4.  C.  F.  Plattnee.  Untersuchung  dee  Biickstandefi  von  der 
Freiberger  SObererz-Amalgamation  auf  einen  Gebalt  an  Gold  und 
Platin.  Pt, 

Berg  und  Hiitten  Ztg.  7  (1848).  628. 

1848:  D.     N.  W.  Fischer,     Ueber  die  salpetriehsanren  Salze.      (Sal- 

petrichsaures  Palladiumoxydkali.)  Pd. 

Uebers.  Schles.  Gesel.  Breslaii,  1848.  31;  Ann.  der  Phys.  (Po^g-*), 

74  (1848).  123;  J.  prakt.  Chem.  46  (1849),  318;  Pharm.  CentrbL 

1S48,  401. 

1848:  6.     Raewskt.    M^moire  but  les  combinaifions  dn  platine  avec  h 

nicotine.  Pt, 

C,  R.  27  (1848).  609;  Ann.  chiro.  pbys.  [3],  25  (1849).  332;  J.  prakt, 

Cheoi.    46    (1849),    470;    Ann,    Chem,    (Liebig).    70    (1849),    238; 

Pharm.  CentrbL  1849,  329. 

^B18:  7.     Raewsky,    Eecherches  iur  les  sels  anilicoplatiniques.       Pt* 
C.  R.  26  (1848),  424;  Pharm.  Centrbl.  1848,  400;  Jsb.  Chem.  1847^8, 
655, 

1848:  8.  J.  Blyth.  On  the  composition  of  coniine,  and  its  products  of 
decompofiition,     (Action  of  platinnm  chlorid.)  Pt 

Q.  J,  Chem,  Soo.  1  (1848),  345;  Ann.  Chem.  (Uebig).  70  (1849),  73. 

1848;  9.  Ft  M.  Baumebt,  Analyse  des  Platincyanmagnesiunisab 'de§ 
Quadrat's.  Pt. 

Ann.  Chem.  (Liebig).  65  (1848),  250,  foot-note;  Jsb.  Chem.  1S47-IS, 
484. 

1848;  10.  Lyons  and  Millward.  Alloy  of  copper  with  platinum  and 
palladium.  '  Pt.  hi 

Repert,  Patent  Invent.  Feb.  1848.  114;  Polyt,  J.  (Dingier),  10« 
(1848),  398. 
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11-  6.  OsAKN.  Ueber  die  Bestimmung  specifischer  Gewichte 
fester  Kdrper.     (Specific  gravity  of  platiniun.)  Pt. 

Ann.  der  Phya.  73  (1S4S),  f.Ori:  Pharm.  OntrbL  1848,  330;  Jab. 
Ch«lll.  1847-48.  38, 

1^,  0,  BoBE.  Nachtragliche  Bemerkiingen  iiber  das  speciiischc 
Oew'icht  des  pTilTerformigen  Platinfi.  P*t. 

Ann.  der  Phys.  (Pogg,).  ^^^  (1^-*S)»  13;  75  (1848),  403;  Ann.  Chem. 
(Liebi^),  68  (1848)»  159;  Pharm.  Centrbl.  1848.  91;  Jab.  Chem. 

l847-48»  37. 

1.  J.  J.  Ebelitek.  Rapport  sur  ^existence  du  platine  dans  cer- 
huna  mineraia  du  d^partement  de  Tls^re.  Ft. 

Ann.  des  Minea  [4],  16  (1849),  505. 

2.    .     Platinum  in  California.  Pt. 

Amer.  J.  Sci.  [2],  8  (1849),  294;  Edlnb.  N.  PhiL  J*  48  (1850),  185. 

3.  -  Sur  la  production  des  mines  d'or  et  de  platine 
de  rOural  en  1849.  Pt,  Ir,  Os. 

Aim.  dea  Minea  [4],  16  (1849).  531. 

4.  P*  Jbwreixow-  Ueber  ein  echwarzes  Salz,  das  man  bei  Aus- 
ficheidung  dee  Iridiums  ana  Platinriickstanden  erhalt.  (Potas- 
aiom  iridium  chlorid.)  Ir. 

Berg  Journal  (St.  Petersburg),  1849,  Th.  1,  Heft  3;  Berg  und 
Hiitten  Ztg.  12  (1853),  193. 

5.  A.  ScHHOTTER.  Ueber  die  auf  directem  Wege  darstellbaren 
Terbindungen  des  Phospbors  mit  den  Metallen.  (Union  of  phos- 
phorus with  platinum  and  palladium.)  Pt,  Pd,  Ir. 

SStzben  Acad.  VVien.  2  (1849),  301. 

:  S.  A-  Lafrext  and  C.  Oerhardt.  De  Faction  de  rammoniaque 
•ur  le  chloroplatinate  d'ammoniaque.  (Theory  of  platinum  I)a9e8 
and  double  cyanide.)  Pt. 

Laurent  et  Gcrnhardt,  C,  R.  1940.  113;  1850,  145;  Ann,  Chem.  (Lie- 
big),  73  (1850),  223;  J,  prakt.  Chem.  46  (1849),  611;  Chem. 
Centrbl.  1850,  437,  471;  Jsb.  Chem.  1849,  289;  1850,  360. 

T.    W.   Haidinger.    Ueber   die   Formen    und    einige   optische 

Eigenachaften  der  Magnesium-Platin4''yaniire*  Pt. 

Btlaber.  Acad,  Wien.  1S49,  20;  Ann.  der  Phys.  (Pogg.)f  77  (1B49), 
S9:  Jab.  Chem.  1849, 122. 


B&AGELL. 

Casazii,  184!^. 


De  acidi  osmici  in  homines  et  animalia  effect  a. 

Os. 
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1849:  9.    M.  Pettenkofeb.    Ueber  die  Bestandtheile  der  Schlacken^ 

welche  beim  Schmelzen  des  Scheidegoldes  mit  Salpeter  gebfldet 

werden,  und  iiber  deren  Benutzung.  R,  Pd.  Ol 

Polyt.  J.  (Dingier).  Ill  (1849),  357;  Jsb.  Chem.  1849,  635;  Pdjt 

Centrbl.  (1849),  926,  933. 

1849:  10.     G.  Rose.    Ueber  die  Krystallform  der  rhomboedrischen  Me- 

talle,  namentlieh  des  Wismuths.     (Auch   Palladiums,  IridiuM 

und  Osmiums.)  Pd,Ir,Oi 

Abhandl.  Acad.  Berlin  (Phys.),  1849,  72;  Ber.  Acad.  Berlin,  1849, 

137;  Ann.  Chem.  (Liebig),76  (1850),  245;  Ann.  der  Phys.  (Pogg.), 

77  (1849),  149;  J.  prakt.  Chem.  49  (1850),  163;  Jbuch  Min.  1848, 

566;  rinstitut,  1849,  342;  Pharm.  Centrbl.  1S49,  4S9;  Jsb.  dwm. 

1849,  13. 

1849:  11.     A.  Salvetat.    Note  sur  un  nouvel  emploi  du  platincdanf 

la  peinture  sur  porcelaine.  Pt 

Ann.  chim.  phys.   [3],  25   (1849),  342;  Ann.  Chem.   (Liebig),  Tl 

(1849),  263;  Ann.  des  Mines  [4],  19  (1851),  414;  J.  prakt.  Chem. 

47  (1849),  232;  Pharm.  Centrbl.  1849,  260;  Polyt.  J.  (Dingier), 

112  (1849),  45;  Jsb.  Chem.  1849,  652. 

1849:  12.     J.  Field.     On  the  chemical  combinations  induced  in  gaseou* 
mixtures  by  contact  with  certain  metals,  with  especial  reference  io 
the  action  of  spongy  platinum  on  mixtures  of  oxygen  and  hydro- 
gen.    (Cause.)  K* 
Pharm.  Jouni.  and  Trams.  S  (1849),  3S1;  Pharm.  Centrbl  1848, 
381. 

1849:  13.     C.  Despretz.     Sur  la  fusion  et  la  volatilization  des  cor|* 

r^fractaires.     Note  sur  quelques  experiences  faites  avec  le  trijJe 

concour  de  la  pile  voltaique,  du  soleil,  et  du  chalumeau.    Pt^Fd. 

C.  R.  29  (1849),  545;  Ann.  des  Mines  [4],  19  (1S51),  333;  llMtitnt, 

811,  226;  829,  368;  Chem.  Centrbl.  1850,  22. 

1850:  1.     C.  DE  Paravey.     Sur  quelques  passages  de  Pline  TAncienqui 

semblent  pouvoir  se  rappoiter  au  platine  (livre  33  : 3  et  34 :  16). 

C.  R.  31  (1850),  179.  ft- 

1850:  2.    W.  Mallet.     On  the  minerals  of  the  auriferous  districts  of 

Wicklow.  B- 

Journ.   Geol.   Soc.   Dublin,  4    (1850),   269;  Amer.  J.  Sci  [3],  ^ 

(1851),  232;  Phil.  Mag.  [3],  37  (1850),  393;  Jsb.  Chem.  1850.  »•• 

1850:  3.  E.  M.  Patterson.  Ueber  die  Beschaflfenheit  \md  das  Vo^ 
kommen  des  Goldes,  Platins  und  der  Diamanten  in  den  Vercim?' 
ten  Staaten.  R,Ir,C>. 

Ztsch.  Deutsch.  Geol.  Gesell.  2   (1850),  60;  Jahrbnch  Min.  1»5U 
351;  Jsb.  Chem.  1850,  698;  Berg  und  Hutten  Ztg.  9  (1850).  W>*- 
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;  4,    J.  E.  Tebchemacher.     Platinum  of  California.  Pt. 

Amer.  J.  ScL  [2],  10  (1850),  121;  Edinb.  N.  Phil.  J.  51  (1851),  193; 
Cbem.  CentrbL  1S51»  640;  J»b.  Cbem.  1850»  690. 

ft,  T.  Thomson.  Biograpkical  account  of  Br.  Wollaston.  (Ac- 
eount  of  his  discoveries.)  Pt,  Pd,  Rh. 

Proc,  PhiL  Soc*y,  Glos^w.  3  (1860),  129. 

6,    E.  Frkmy.     Eecbercbes  chimique  sur  Tor,     (Note  on  making 

platiimtcs^  Ann.  chim,  pbys.  31  :  482.)  Pt. 

C  B.  31  (1850),  893;  Ann.  chim.  phys.  [3],  31  (18S1),  47$;  Ann. 

Cbc^m.  (Licbig),  79  (18S1),  43;  J,  prokt.  Chenu  52  (1851),  150; 

J-  de  Pharm.  19  (1851).  84. 

T.    CI  A.  WoRTZ.     M^moire  sur  une  s^rie  d'alealoides  homologues 

avec  rnmmoniaque.      (Platino-  and  platinichlorids  of  methyl-, 

ethyl-,  and  amyl-amin.)  Pt* 

Ann.  chim.  pliys.  [3],  30  (1850),  44S;  J.  prakt.  Chem*  52  (1851), 

103;  Cheni.  Ccnlrbl.  1851,  166,  177;  Jeb.  Chein.  1850,  335»  443. 

8.  C.  GERHAfiDT.  Hechercbes  star  les  combinaisons  ammoniacaleti 
dtt  platine.  Pt. 

Gcrlmrdt  ct  Laurent,  C.  B,  1850.  273;  C.  R.  31  (1850),  241;  Ann, 
Chew.  (Liehig),  70  (1850),  .^07;  Ann.  dea  Mines  [4],  19  (1851), 
414;  J.  prakt.  Cbem.  51  (1850),  351;  53  (1851),  345;  Cbem.  CentrbL 
1&51,  97. 

9.  J.  ScHABiTS.  Ueber  die  Krystallformen  dos  Barium-Plaiin- 
Oyaniirs.  Pt. 

Sitzber.  .\cad,  Wien,  4  (1850),  569;  Jsb.  Chem.  1S50,  360. 

10.  A*  Keynoso.  De  Taction  des  bases  sur  lee  sele,  et  en  parti- 
culler  sur  le&  ars^nites.  (Heduction  of  pallKdium  salts  by  silver 
~    Rite.)  '      Pd. 

C.  R.  31  (1850)  68;  Ann.  cbim,  phys.  [3],  33  (1851)»  245;  J.  prakt. 
Cbem.  51  (1850),  160;  54  (1861),  309. 

11*    A.  Ma8S05.    Etudes  de  photom6trie  61ectrique.      (Spectre 

in  platine  incandescent)  Pt. 

r.  R.  31  (1850),  887;  32  (1851),  127;  Ann.  chlra.  phys.  [3],  31  (1851), 

IZ,  J.  P.  Joule.  On  eome  amalgams.  (Platinum  amalgam, 
Pt  Hg,.)  Pt. 

R«pt.  Brit.  Afisoc.  1850,  ii,  55;  Chem.  Gaz.  2850,  339;  Plnstitui,  1850, 
327:  jBb.  Chem.  1850,  333. 

13.  A.  BAtTDRiMoxT.  Experiences  sur  la  t^naeitd  des  mMaux 
mallAables.     (Tenacity  of  palliKliiim  and  platinum.)  Pd.  Pt. 

s.   p],  30    (1^50),   304:  C.  R.  31    (1850),  115;  Anti. 
i,0»   "^'i    (I'^'^O),   123:   Ann.   der   Phys.    (Pog^.).   62 
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(1851),  156;  rinatitut,  18  (1850),  241;  J.  de  Pharm.  19  (1851).  20(i; 
PhiL  Mag,  [3],  37  (1850),  308;  Jsb.  Chem.  1850,  78, 

50:  14.    C.  BR0MEI8.    Ueber  das  Flattiren  mit  Platinum.  R. 

Polyt.  J.  (Dingier),  116  (1850),  283;  Jsb.  Chero.  1850,  631. 

50:  15.     A.  Wagner.     Ersatzmittel  des  Schwanunplatin   bei   Wein- 
geistgliihlampen.     (Chromate  of  copper.)  Pt. 

Poljt.  CentrbL  16  (1850),  Nr.  1;  Polyt.  J,  (Bingler).  115  (1550). 
159;  Chem.  CentrbL  1850,  157, 

1850:  16.    D.  Brewster.     On  the  optical  properties  of  the  cyanurets  of 
platinum  and  luagiiesia,  and  of  barytes  and  platinum.  Pt. 

Eept.  Brit.  Assoc.  1850,  ii,  5. 

1851:  1.     T,  S.  Hunt.     [Platinum  and  iridoamine  in  Canada.] 

Pt,  Ir,  Os. 
Keport  Geol.   Surv.  Canada,  1651-52,  120;  Amer.  J.  Sd.    [2],  15 
(1853),  448;  Ann.  des  Mines  [5],  3  (1853),  683» 

1851:  2.     F.  A.  Gekth.     Nord-Amerikanische  Mineralien.     (Platinum 
from  Lancaster  Co.,  Pa.)  Pt. 

Kord-Amer.  Monatsber.  2  (1851),  June;  J.  prakt.  Chem.  55  (1852)^ 
254;  Chem.  CentrbL  1861,  417;  Berg  u.  Htitten  Ztg.  11  (1852),  388. 

1851:  3.     G.  A.  Kenxgott.     Irite.  Ir,  Os, 

Amer.  J.  Sci.  [2]^  11  (1851),  232;  from  MineraL  Untersuchungen* 
1,  61. 

IB^l:  4,    J.  J*  Ebelman.     Sur  la  cristallisation  par  la  Toie  s^che.  (Arti- 
ficial octahedral  crystals  of  platinum.)  Pt 
C.  R.  32  {1S51)»  710;  Ann,  Cbem.  (Liebig),  80  (1851),  2X2, 

1851:  5,    F.  Claudet.     On  a  class  of  ammoniacal  compounds  of  cobalt. 
(Platinum  salts  of  cobaltamins.)  Pt, 

Phil.  Mag.  [4],  2  (1851).  253;  Ann.  chim.  phys.  [3]»  33  (1851),  483; 
J.  prakt.  Chem.  54  (1851),  270;  Chem,  CentrbL  1851,  865;  J,  Chem. 
Soc.  4  (1851),  355. 

1851:  6-     H.  H.  Landolt.     Ueber  das  Stibmethyl  und  seine  Verbind- 
ungen.     (Double  chlorid  of  platinum  and  tetramethylstibonium.) 

Pt.. 

Mitth.  nat.  lorsch.  Qesell.  Zurich,  2  (1850-52),  349,  524;  Ann.  chim. 

phys.   34    (1852),  220;   37    (1853),  60;  Ann.   Chem.    (Liebig).  78 

(1851),  91;  84  (1852),  44;  J.  prakt.  Chem.  53  (1851),  385;  57  (1852). 

129;  J.  de  Pharm.  20  (1851),  65;  Chem.  CentrbL  1852,  625. 

1851:  7.     A.  W.  Hofmann,    Eesearchea  into  the  molecular  constitutioa 
of  the  organic  bases.    II.     (Platinum  bases,  p.  397.)  Pt 

PhiL  Trans.  London,  141  (1851),  357;  Ann.  chlm.  phys.  [3),  33 
(1851),  108;  Ann.  Chem.  (Liebig),  78  (1851),  253;  7^,  11;  C  R* 
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33  (1851).  95;  I'lnstitut,  19  (18S1).  189;  J.  de  Pharm.  [3],  20 
(1851),  220;  J.  prakt.  Chem.  53  (1851),  390;  Laureot  et  Gerhardt, 
a  R.  1851»  189;  Q.  J.  Chem.  Soc.  4  (1852),  304;  Chem,  CentrbL 
1851,  772,  787;  Jsb.  Chem.  1851.  496. 

151:  8.     6.  B.  EucKTox,     ObservationB  upon  the  deportment  of  dipla- 

toeamine  with  cyanogen.  Pt. 

Q.  J.  Chem.  Soc.  4  (1851),  26;  Ann.  Chem.  (Lieblg^),  78  (1851),  328; 

J.  de   Pharm.   19    (1851),  393;   J.   prakt.  Chem.   53    (1851),  174; 

Laurent  et  Gerhardt,  C.  R.  1851»  91;  Chem.  Centrbl.  1S51»  696; 

Jab.  Chem.  1851,  370;  Ann*  chim.  phys,  (1851),  393. 

1851:  9.    J.  L.  Lassaione.     Observatinns  siir  le  degr^  de  sensibiliti  des 
divers  r^actifs  par  Tiode,  et  ses  divers  composes.     (Use  of  palla- 
dium salts.)  Pd. 
J.  chim.  med.  [3],  7  (1851),  142;  J.  de  Pharm.  19  (1851),  428. 

1851:  10.     A.  BuTLEROW.     Ueber  die  oiydirende  Wirkung  der  Osmium- 

saure  anf  organische  Korper.  Os. 

Bulk  Acad.  Set.  St.  Petersb.  10  (1852),  177;  Ann.  Chem.  (Liebigr). 

84    (1852),   278;   J,   prakt.   Chem.   56    (1852),   271;   rinstitut,   20 

(1852),  249;  Jsb.  Chem.  1852,  429;  M^langea  phys.  chim.  Acad. 

8t,  Pgterab*  1  (1851),  355. 

1851:  11.  M.  G.  VOK  Paifckeb.  Das  astronomische  Langenmaaa. 
(Ausdehniing  dea  Platins.)  PL 

BuL  Acad.  Sci.  St.  Petersb.  10  (1852),  209;  Jsb.  Chem.  1852,  2, 

1851:  12.  A.  Baubrimont.  Experiences  sur  r61aaticit6  des  corps 
het^rophones.  Pt. 

Ann.  chim.  phys.  [3],  32  (1851),  288;  Jour,  fiir  Phyaik.  2  (1851)^ 
533;  Jsb.  Chem.  1851,  82. 

1851:  13.  A.  C.  Becqueeel.  M^moire  sur  les  effeta  ^lectriques  pro- 
duita  dans  lea  tubercules,  les  racines  et  les  fruits,  lors  de  I'intro- 
duction  d'aiguilles  galvanoTuetriques  en  platine.  Pt. 

C,  B,  32  (1851),  657;  Mem.  rinstitnt,  23  (1853),  301, 

1852;  1.  E.  GuEYMARD.  Recherches  analytiqnes  du  platine  dans  lea 
Alpee,  Pt^ 

Ann.  dea  Mines  [5],  1  (1852),  345;  5  (1854),  1§5;  C.  R*  38  (1854), 
941;  40  (1855),  1274;  Arch,  des  aci.  phys.  nat.  27  (1854),  77;  BuL 
G^ol,  Soc.  Paria,  12  (1854-55),  429;  Jsb.  Chem.  1852,  831;  1854» 
607;  1855,  905;  ITnatltut,  23  (1855),  212;  Chem.  CentTbL  1855,  543; 
Berg  IK  Hiitten  Ztg.  12  (1853),  752, 

1852:  2,    F,  A,  Genth.     On  some  minerals  which  accompany  gold  in 

California.     (Platinum  and  oBniiridiiim.)  Pt,  Ir,  Os. 

Proc,  Acad.  Nat.  Sci.  Phlla.  0  (1852),  113;  Nord-Amer.  Monataber* 

2  (1852),  205,  249;  Ann.  des  Mines  [5],  4  (1853),  130;  Amer.  J. 
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Sci.  [2].  1-1  (1S52),  277;  Edinb.  N.  PhiL  J.  54  (1853),  182;  J.  pmkt. 
Chercu  58  (1853),  245;  Chem.  CentrbL  1852,  72;  Jsb.  Cbem.  18S2, 
8:^1;  Berg  u.  Hutten  Ztg.  12  (1853),  751, 

185^:  3.     F.  A.  Qenth.     On  a  probably  new  element  with  iridosmme 

and  platinum  from  California,  Pt,  Ir,  Os>  Pd,  Bh,  Hil 

Troc.  Acad.  Nat.  Sci.  Phila.  6   (1852),  209;  Amer.  J.  Sci.   [2),  U 

(1853),  44ri;  Ann.  des  Mines   fS],  3   (1853),  683;  Chenu  Gai.  11 

(1853),  145;  J.  prakt.  Cbem,  69  (1853),  156;  Chem.  CentrbL  1853, 

366;  Jab.  Chem.  1853,  389,  775. 

1852;  4.    C.  Palmstedt.     Platina  fimnen  vid  sa  kallad  skedniog  af 

silfvermynt  vid  Ivongl.  Myntet  i  Miinclien.  R. 

Ofvers,  Vet.  AkafL  Forh.  Stockholm,  9  (1852),  220, 

1852:  5.    .     Bericht  iiber  die  Gold-  und  Platina- A nebeute  in 

Hussland,  im  Jahre  1851,  Pt. 

Buss.  Berg.  Journ.  1852,  i.  149,  311,  457,  461.  463;  Berg  u.  Hutten 
Ztg.  12  (1853),  6G1, 

1852:  6.  C.  Karmbodt  and  E.  Uhklaub.  Ueber  ein  neues  Iridium- 
Balz.     (Double  clilorids  of  iridium  and  aodium  and  silver.)  Lr. 

Ann.  Chem.  81  (1852),  120;  J.  prakt.  Chem.  5G  (1852),  190;  Chenu 
CentrbL  1852,  262;  Jab.  Chem.  1851,  372. 

3852;  7.  Skoblikoff,  Reclierehcs  sur  quelques  combinaisons  nouv- 
elles  d'iridium.     (Irid-ammonium  compounds.)  Ir» 

Bui.  Acad,  Sci.  St.  P^tersb.  11  (1853).  25;  Ann.  Chem,  (Liebig), 
B4  (1852),  275;  Chem.  Gaz.  11  (1853),  29;  J.  prakt.  Chem.  Sd 
(1853),  31;  Amer.  J.  Sci.  [2],  IC  (1853),  412;  Chem.  CentrbL  1852, 
833;  Jsb.  Chem.  1852,  428;  Mglanges  phys.  chim.  Acad,  St. 
Petersb.  1  (1852) »  400. 

1852:  8.     G.  B.  Buckton.     Observations  upon  a  new  series  of  double 

chloride  containing  diplatosammonium.  Pu 

Q.  J.  Chem.  Soc.  5   (1852),  213;  Ann.  Chem.   (Liebig),  84   (185«). 

270;  J.  prakt,  Chem.  57  (1852).  367;  Chem.  Ccntrbl,  1853^  SIS; 

Jfib.  Chem.  1852,  425. 

1 852:  9.     T.  Andrews.    On  the  atomic  weights  of  plalinuin  and  banum 

(Pt  —  197.88.)  Pt. 

Rept.  Brit.  Assoc.   1852,  ii,  33;  Chem.  Qaz,  10   (1852),  379;  Ann, 

Chem.  (Liebig),  85  (1853).  255;  l^nstitnt,  20  (1852),  346;  J.  prakL 

Chem,  57  (1852),  377;  Jsb,  Chem.  1852.  425, 

1852:  10.  W,  Haidinger.  Ueber  den  Zusammenhang  der  Kdrperfar* 
ben  ,  ,  .  imd  der  Oberflacheufarben  gewisser  Korper.  (Pluti- 
num  cyanids  and  oxalate,  palladium  chlorid  and  indium  potassium 
chloriti)  Pt,  Pd,  It. 

Sit/,ber.  AJaid.  Wien.  S  (1852),  97;  Ann,  cUim,  phva.  [3],  4t  (1954K 
249. 
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llr  II.  W,  Kxop,  Kotiz  iiber  den  Platinmohr  trnd  die  Aethylqueck- 
r  siib&^verbtDdQBg  von  Sobrero  imd  Selmi.  (Platin  ethyl  com* 
poitnd.)  Pt 

J,  pnnkt.  Chcm.  56  (1852),  312:  Cbero.  Gaz,  10  (1852),  313:  Chero. 
Otitrbt.  1$52,  431;  Jsb.  Chem.  1852,  e03. 

11    H,  St»  Claikk  Deville.     Note  snr  la  temperature  produite 

per  In  combustion  du  charbon  dans  I'air.     (Furnace  for  fusing 

platintim.)  Pt. 

C.  R.  35  (1N52),  7!)fi;  Fo\yt.  J.  (Dingier),  127  (1853),  Ui;  Berg  u. 

Batten  Zl^.  12  (1853),  537. 

IS.    A-  T.  KtrrFFER.     (Elasticity  of  platinum.)  Pt. 

Alto,  iib»-phys,  ccntr,  Russie  (Kupflfer),  1852,  ii;  Bui,  Acad.  ScL 

8t,    P^tersb*   12    (1854),   129;   Melaoges  phys.   chim.    Acad.   St. 

I  F^leTBb.  1  (1853),  632;  Jsb.  Chem.  1853,  117. 

i^L    IL  MOi^LEH.     Ueber  die  Palladamine.     Inaug.  Bisfi.  Gottin- 
I    gm,  1853.  Pd. 

P  Ann.  Oicm.   (Liebig).  86   (1853),  341;  Ann.  chim.   phy«.   [3).  40 

(1854),  321;  Amer.  J.  Bel.  [2],  16  (1853),  410j  Arch.  »cl.  phys,  nat. 
^  23    (1853),  2t»l;  J.  prakt.   Chem.   59    (1853),   29;   Chem,  Gas.    U 
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A-  Bkchamp.     Faites  pour  servir  k  Fhistoire  analylique  du 
pnllndtmn  ct  de  I'argent.     (Cyanid  of  palladium  and  silver.)     Pd. 

J.d«  pharm.  [3],  23  (1853),  413;  J.  prakt.  Chem.  GO  (1853),  64. 

3.    T    'V  \ri.     Ueber  lodbestiinmung.      (By  titration  with 

Ipii  Ml)  Pd. 

Ann*  Chrm.    (UebigK   87    (1853),   19;  Ann.   chim,  phys,    [3],   41 
I  (1854).  493;  Chem.  Gaz.  12  (1854),  156;  Chem.  C^ntrbl.  1854,  65: 

JaU.  Chem.  1853.  647. 
It    J.  KiCKtBS.    Reeherches  snr  le  polymorphieme.    (Crvstalliza- 
tioD  of  pfiUadium  and  indium.)  Pd.  Ir, 

Ann.  chim.  phys.  [3],  39  (1853),  404  (Abetr.  Th^is,  Fac.  dea  Sc 
rarln,  July  25,  1853);  J.  dc  Phann.  [3],  24  (1853),  5, 
I.     E.  R.  Sc'HN EIDER.     Bcmerkungea  tilier  einige  Aequivalentzah*^ 
^Im  (de^  Rliodiums  und  des  Osmiums).  Rh^Oa. 

Ann,  dt»r  Pbys.  (Pogg.),  88  (1853).  3H* 

P.  A*  BoLiJcy.     Die  bekannte  techniech  gebrauchten  Metall- 

r  Zusanirnenstellung  nach  Qualitat  und 

idle.     (Platinum  alloys.)  Pt* 

Foljt.  J.  (Dingier).  129  (1863),  438  (from  BoUey'a  '*  Handbuch  "); 

Cfaeai.  Ontrbl  1854,  7S6. 
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1853;  7,    E.  Bottoer.     Ueber  das  Verplatiuiren  glaserner  imd  porj«?l- 

lanener  Gefasse.  Pt. 

Ber.    Deutfich.    Nat.   Versflmml.    1S47,   304;  Jahrsber.   pbys.  V«?r. 

Frankfurt  a  M.  1853-54;   1855*5<>,  24;   Polyt.  J.    (Dingier),  136 

(1855),  464;  Jsb.  Chem.  1855,  §51;  1857,  273, 

1853:  8,     p.  Jewheixoff  [=  JewreixowJ,     (Platiniren  von  Eis^n  und 
Kupfer.)  Pt. 

La  tet-hnologiste:  Polyt,  Ct'tiirlil  ID  (385:iK  5(n>;  Chem.  C^ntrbL 
185;^  024;  Jahrb.  Thys.  Ver,  Frankfurt*  1S53-54;  Polyt,  J,  (Ding- 
ier), i:i6  (1S55),  4(H:  Tolyt.  Notizbl.  (1S5H).  HW;  Cben).  tech* 
MItth.  (Eisner),  4  (1B52-54).  154;  12  (1802-63),  13U. 

1853:  9.     G,   G,  Stokes.     On  the  chaiiiie  of  refransribiHtr  of  light. 

(Fluorescence  of  pktinocyanids.)  Pt. 

Phil.  Trans.   London,   143    (1553),  31)5;  Proc.   Hoy.   Soc,    London, 

lS50-5.b  333:  Ann,  der  Phys.  (Po^••^^),  lifi  <1H55),  541;  Phil.  M»g. 

[4],  10  (1855),  09,  95;  Jsb.  Chem.  1855,  132. 

18o3r  10.     C't.  n.  Stokes.     On  the  niftnllic  reflection  exhibited  by  cer- 
tain non-metallic  substances.     (Maf^uesium  platinocyanid.)       PL 
Phil.  Mag.  [4],  0  (1853),  398;  Ann.  der  Phys.  (Po^ir)»  91  (ISW). 
307;  Ann.  chim.  phyK.  [3],  46  (1850),  504. 

1853:  11.     G.  Maoxus.     Ueber  die  Verdichtiing  der  Case  an  der  Ober* 

fliiche  glatter  Kiirper.    (CondenMtion  on  platinum  sponge.)       Vi, 

Ber,  Acad.  Berlin,   1853,  378;  Ann.  der  Phys.   (Pogg-.),  89   (]«5S)» 

G04;  Ann.  chim,  phys.  [3],  39  (1853),  344;  Plnl.  Mng.  [4],  e  (1653), 

334, 

1853:  12.     G.  Wiedemann  and  R.  Filixz.     Ueber  die  Warmeleitungit- 
faliigkeit  der  Metalle.     (Platiniim  and  palladium,  p.  513.)  1^,  Pd. 
Ann.  der  Phys.  (Pog-g^.),  i^y  (1S53).  41/7;  Ann.  cliim.  pbys.  [3],  41 
(1854),  107;  Arch.  sei.  phys.  nat.  25  (1854),  338. 

1854:  1.     W.  P.  Blake.     On  the  gold  and  platinum  of  Cape  Uhiuco. 
(Oregon.)  Pt. 

Amer.  J.  Sci.  [2],  18  (1854),  156;  20  (1855),  79;  Jab.  Chem,  1834,  B06. 

1854:  2.    H.  Dubois.     De  la  presence  de  riridium  dans  Tor  de  Cali- 
fornia, Ir» 

Ann.  deR  Mines  [5],  0  (1854),  518;  Amer.  J.  Sei.  [2],  21  (1*56),  20S; 
Jsb.  rbem.  1855,  647;  Polyt,  J.  (Dlng-ler).  141  (1856),  109:  Bol. 
Soc.  d*Enconra|rement,  Jun.  (1S50),  31;  Polyt.  Centrbl  n- 
1183;  Chem.  tech.  iUtth.  (EUner),  5  (1«54-Sa)»  IW. 


1854:  3, 


Jahresbericht  iiber  die  Fortschritte  des 


alogie  iin  Jahre  1853. 

Berg  u.  Hiitten  Zig,  13  (18S4),  334, 
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Platm-Fund  (in  Siebengebirgen).  Pt. 

rn  Ztg.  13  (1854),  232,  from  Casseler  Ztg. 

Kouvellee  recherches  tur  les  m^taux  qui  aecom- 

Te  platine  clang  sa  mine.     (Decomposition  of  iridoemium 

ition  in  current  of  air.)  Pt,  Pd,  Ir^  Os»  Rh,  Hu. 

C.  B.  38  (1S54),  1008;  J.  prakt.  Chem.  (»2  (1854).  340;  J.  de  Phami. 

[3],  26  (1854)*  m;  rinstitut,  22  (1S54),  201;  Chem.  CentrbL  1854, 

520;  Chem.  Giiz.  12  (1854),  241;  Polyt.  J.  (Dingier),  133  (1854), 

270;  Ztuch.  anal.  Chcm*  5  (1866),  120;  Jsb,  Chem.  1854,  367;  J, 

Chetn.  SoL\  7   (1854),   256;  J.  Frank.   Inst.    [3],  30   (1855),   412; 

Atbenetifn,  Sept.  (1855). 

[C  C,  Claus.  Beitriige  ziir  ('lieTTiie  der  Platinmetalle,  Dorpat^ 
1 1854.  (Pull  description  of  the  chemistry  of  the  platinum  metak,) 
J^b,  Cbem.  1855,  423.  444,  814,  905.  Pt,  Pd.  Ir,  Off,  Rh,  Ru. 

a  ClaI'S.     Feber  die  Platinbasen.  Pt,  Pd,  Rh,  Ir. 

HuL  AciirU  i^l  Hi.  P^terab.  13  (1855),  97;  J.  prakt.  Chem.  r^?*  (1854), 

iM>:  Cheni.  Centrbl.  1854,  789;  Chem.  Gaz.   12   (1854),  441;  Jsb. 

Cbetn.    1M54,   369;   M^langei;   phys.   chira.   Acad.   St,   retersb.   2 

<1854),  130. 

E.  Feic?ORCHEA*     Iridium  und  seine  Verbindungen.     Inaug. 
^Stfie.  Oottingen,  1854.     (Phosphate,  bromid,  sulfate,  chlond.)  Ir. 

ACDvr,  J.  Sri.  [2],  18  (1854),  447, 

.  G.  B.  BucKTON.     On  the  platino-tersidphocyauidee  and  the 
phtinu-btgulphoeyanidee,  two  new  series  n(  salts,  and  their  decom- 
I  potitioni.  Pt 

Q.  J.  Chem.  8oc.  7  (1854),  22;  J.  prakt.  Chem.  64  (1BS5),  05;  Ann. 
Cllfm.  (LSebigr),  92  (1854),  280;  Chem.  CentrbL  1654.  545;  Jsb. 
Cliem.  Itt54,  379. 

lOL  C  0.  Williams,  On  the  presence  of  pyridine  among  the 
[▼olatile  bases  in  the  naphtha  from  the  bitumenous  shale  from 
IDoreetehire,  and  on  the  fractional  crystallization  of  platinum  salts. 

PmL  Maif,  [4],  8  (1854),  209;  J.  prakt.  Chem*  64  (1855)»  54,         Pt. 

II.  J.  H.  Gladstone.  Notes  on  some  guhstances  which  exhibit 
pbenomena  of  fluorescence.  (Platinum  ehlorid  with  potas- 
mom  iodid.)  Pt. 

Edinb.  N.  inifL  J.  1  (1855),  83:  Chem.  Ga«.  12  (1854),  420;  J.  prakt. 

Chem.  K4  (1855),  438;  Jab.  Chem.  1S55,  133. 

.     BenutzuDg  des  Irid-osmiumB  zur  Lo«ung  des 

LZiimea.  08,  Ir. 

Arch,  der  Pharm*  80  (1854),  324;  Chem.  CentrbL  1S55,  56;  Poljrt. 
Kotkl>L  0  (1854),  192:  Polyt*  CentrbL  25  (1854).  1084. 
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Note  on  platinum  accompanying  silv<er  in  solutioQ 

Pt 


1854:  13.    H.  How. 
in  nitric  acid. 

Q.  J.  Chem.  Soc.  7  (185i)>  48;  Chem.  Gaz.  12  (1854).  209:  J.  prakt. 
Chem.  03  (1854),  125;  Chem.  CeiitrbL  1854,  592;  Jsb.  Chem.  1S54, 
366. 

1854:  14.  W,  Lasch-  Aufiosung  des  Platins  in  Glasretorten  (unzweck- 
masaig).  Pt._ 

J.  prakt.  Chem.  63  (18M),  344. 

1854:  15.    J-  SoHABUS.     Crystallogi&che  Untersuchungen.   (Mono-,  bi-, 

and  tetra-ethylammoniiim  platinum  chlorid,  p.  43.)     Wien,  1855. 

Sitzben  Acad.  Wien,  15  (1355),  200;  Jsb.  Chem.  1854.  379.  Pt, 

1854;  16,     Sayard.     (Plating  of  copper  with  platinum.)  Pt. 

Pract.  Mech.  J.  6  (1854),  256;  Polyt.  J.  (Dingier),  131  (1854),  413. 

1854:  17.    A.  T.  Kupffeb.     (Elasticity  of  torsion  of  platinum.)        Pt. 
C.  R.  Fobs.  cent.  Russie,  1854, 1;  Jsb.  Chem.  1855,  69. 

1854:  18.     T.  Gharam.     On  osmotic  force.     Bakerian  Lecture.     (Cf/ 
platinochlorid,  Q.  J.  Chem.  Soc,  8  :  59,  94.)  Pt. 

Phil.  Trans.  London,  144  (1854),  177;  Q.  J.  Chem.  Soc.  8  (1S55),  43; 
Ann.,  chlm.  phys.  [3],  45  (1855),  6;  Arch.  aci.  phya.  nat.  27  (1854), 
37. 

1865:  1.    M.  Booking.    Platinerz  aus  Borneo.    (Analysis.) 

Pt,  Pd,  Ir,  05,  Rh.  Rn. 
Ann.  Chem.  (Uehtg),  96  (1855),  243;  J.  prakt.  Chem.  67  (1856),  207. 

»5:  2.    J.  W.  Mallet.    On  the  crystallization  of  platinum  from 
fusion,  Pt. 

Amer.  J.  ScL  [2],  20  (1855),  340;  J.  prakt.  Chem.  67  (1856),  252; 
Chem.  CentrbL  1856,  47;  Jsb.  Chem.  1855,  420;  Chem.  Oaz.  Na, 
317;  J.  Frank.  Inst.  [3],  31  (1856),  139. 

iStS:  3.  E.  Fremy.  Nonvelles  recherchee  snr  la  mine  de  platine. 
(Composition,  p.  386;  preparation  of  osmium,  387;  ruthenium, 
392;  iridium,  394;  rhodium,  395;  salts  of  rhodium,  398.) 

Pt,  Pd,  Os,  Ru,  Ir,  Rh. 

Ann.  chim.  phys.  [3]»  44  (1855),  385;  Rept,  Brit.  Assoc.  1S55,  U,  S3; 
Jab.  Chem.  1855,  422. 

1855:  4.     L.  P.  de  Saint-Qilles.    Action  de  la  chaleur  but  Thydrate  et 

gur  Tac^tate  ferriquee.     (Separation  of  iridium  from  platinum  by 

sodium  acetate.)  Pt,  Ir. 

C.  R.  40  (1855) »  1243;  J.  prakt.  Chem.  16  (1855),  144. 
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it:  5.    D^HsKKI^f*    ProcM^  pour  Taffinage  de  Tor  alli^  k  riridium 
dand  les  cendi^s  iridiferes.  Ir« 

C.  R*  40  (1955).  1203:  Bui.  soc.  d'encour,   (1856).  Jan.;  Polyt,  J. 
(Dingier),  141  (1856),  109;  Chem.  tech.  Mitth.  (Eisner),  5  (1854- 

se),  102. 


»:  i. 


Pt. 


6.  Clkmbxti,     Sulli  joduri  di  platino. 
X.  Cimenio.  3  (l«5i),  192;  JsV,  Chem,  1855,  420. 

A:  T»  B-  Lowio,  Doppelverbindimgen  von  Chlorstibathyliiiin  mit 
Platiachlarid.  Pt. 

J*  pmkt.  CLem.  vH  (1855),  424  (from  Inaug.  Diss,  Br^slan). 

B:  8.  T*  Anderson'.  PreUminary  notice  on  the  decomposition  of 
the  platinum  salts  of  tlie  organic  alkalies.  (Pyridin,  picolin,  and 
other  bates  produced  by  destructive  distillation  of  animal  sub* 
sUnc^.)  Pt. 

Trans.  Boy.  Soc,  Edlnb.  21  (1857),  210;  Proc,  Boy.  Soc.  Edlnb.  1 
(1857).  309;  Ann.  chim.  phys.  [3],  45  (1865),  3(i6;  Ann.  Chem. 
(Uebiir),  96  (1855),  199;  Phil.  Mag.  [4],  9  (1855),  145,  214;  C^em. 
Ceiitrbl.  1855.  259;  ISSd,  2;  Jab.  Chem.  1855,  553;  Bept.  BHt. 
Asaoc.  1854,  ii,  64. 

9.    C.  A.  WUBtz.     (CriticiBra  of  Anderson  (1855:  8)  on  platinum 
baiea.)  Pt. 

Ann.  chim.  phys.  [3],  40  (1855),  369;  Jab.  Chem.  1855,  555* 

3f.  Petroxe.    Deir  asione  dell*  addo  nitrico  aopra  il  sal 
e  di  Magnus.  Pt. 

Ciinmto  6  (1855),  872:  N.  Clmento  2  (1855),  387;  Jfib.  Chem.  1855, 
421. 

11.    M.  Peyroxe.     Dell'  azione  dell'  acido  nitrico  sopra  Tisomero 
giallo  del  sal  di  Magnua.  Pt. 

CSnento  a  (1855),  874;  Jab.  Chem*  1855,  421. 

A.  ScHAFARiK.    TJeber  die  Cyanverbindungen  des  Plat  ins. 

Pt. 
Sifsber.  Acad.  Wien.  17  (1855),  57;  J.  prakt.  Chem.  66  (1855).  385; 

Chem.  Gaz.  13  (1855),  441;  Chem«  CentrbL  1855,  721;  Jsb.  Chem. 

1&56,  439. 

'1 18.    B,   BoTTOER.    Ueber   die   Fluorescenz    dea   Kaliumplatiii- 
cyaadra.     (Huore^icence  in  solution.)  Pt- 

Aan.  der  Ph>8,  (PoggOi  95  (1855),  176;  97  (1S56).  333:  PhiL  Ma^. 
(4],  10  (1655),  69;  jBb.  Chem.  1855,  132. 

li.    '  On  the  alleged  fluorescence  of  a  solution  of 

platiiMP-rjuuiutj  Hi  pota^^iiim.  Pt. 

•  (iwn.-i),  95. 
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1855:  15.     H,  Vohl.     Anwendimg  des  unterschwefligsauren  Natrons  in 
der  analytiechen  Chemie.     (Action  on  platmum  salts.)  Pt. 

J.  pralct.  Chem.  67  (1856),  177;  Ann.  Chem.  (Liebiff).  96  (1955), 
241;  J.  de  Pharm.  29  (1856),  7-1, 

1855:  16*     C.  Wbltzien.     Ueber  die  Krygtallformen  der  Platinsalze  der 
zusamiiiengeset?-ten  Ammoniummolecule  des  Aethyls.  Pt, 

Ann.  Chem.  (Liebig),  93  (1855).  272. 

-3i86:  17.  C.  DE  Marignac.  Recherchee  but  les  formes  eristallines  de 
qiielques  composes  chimiques.  Geneve,  1855,  (Sodium  platino- 
chlorid,  p.  27.)  Pt, 

C.  R.  42  (1856),  288;  M6m.  Soc.  Phys.  Gendvc,  14  (1858),  202:  Jsb. 
Cbera.  1855,  421. 

1855:  18.     KosELEUR  and  Lahaux.     (Plating  with  platinum.)  Pt 

Polyt.  Centrbl.  1855,  57;  Polyt.  J.  (Dingier)^  138  (1855).  318;  Jsb. 
Chem.  1855.  852;  Polyt.  Notizbl.  (1855),  56;  Chem.  t«eh,  MittU. 
(Eisner),  5  (1854-56),  172. 

1855:  19.     E.  Bottger.     (Electroplating  copper  and  brass  with  plati- 


• 


unm;  after  Jewi-einoff.) 

Polyt.  Notizb].  1855,  No,  4;  Polyt. 
(Dingier),  138  (1855),  318;  Chem. 
1855,  852. 


Pt. 

Centrbl.   1855,  1210;  Polyt.  J, 
CentrbL  1855.  73C;  Jsb.  Chem*. 


1855: 


1855:  20,     W.  Haidinoer,     Hera  path!  t  Zangen,     (Optical  properties  of 
barium  and  magnesium  platinocjanids.)  Pt. 

Sitzber.  Acad.  Wien,  15  (1855),  82;  Jsb,  Chem.  1855,  151. 

21-  A,  VooEL.  Jk.,  and  C.  Keischauer.  Ueber  eine  neue  Form 
der  bei  Lothrohrversuchen  angewandten  Platinpineetten  und 
Platindrahte.  Pt, 

Gelehrtes  Anz.  Miinchen,  41  (1855),  Bull.  No.  15;  Polyt.  J.  (Ding- 
ier), 138  (1855),  44, 

J,  Stenhouse,     On  platinized  charcoal.  Pt 

Q.  J.  Chem-  Soc.  8  (1855),  105;  Ann.  ohim.  phys.  [3],  45  (1855),  49«; 

Ann.  Chem.  (Liebig),  96  (1855),  36;  J,  de  Pharm.  28  (1855),  317; 

J.  prakt.  Chem.  66  (1855),  380. 

A.  Baudrimont.    Note  snr  rinflanimabilit^  de  Thydrog^ue 
(par  le  platine).  Pt. 

C.  R.  41    (1855),   177;   Ann.  der  Phya.   (Pogg.),  9«   (1855),  351;  X 
prakt-  Chem.  67  (1850),  187. 

24.     B.  Adie,     On  thermo-electric  jointa  formed  with  the  metals 

antimony,  bismuth,  and  palladium.  Pd. 

Q,  J,  Chem.  Soc.  8  (1855),  36, 


1855:  22, 


1856:  23. 


1855: 
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1.  J.  B.  BorssixoAULT.  Sur  nn  gi^ement  de  platine  signal^ 
dans  un  filon  de  la  proTiDce  d'Antiofjnia.     Obs^ervations  inedites 

les  alluTions  aiirif^res  et  platinif<>res  du  Choco,  Pt. 

C.  JL  42  (185fi)»  017:  I'lBstitut,  24  (l^Jfiro^  101:  Jsb.  Chem,  1S56,  829. 

1-  0-  ScHEiBLEB.  Beitrage  zur  Kenntniss  der  Lithionsalze. 
(Uthium  platinchlorid.)  Pt. 

J.  pmkt,  Chem.  07  (1856),  485. 

3.    W,  T,  Salm-Horstmar.    Feber  Chlorplatinaliuainuin.      Pt. 

Ann-  dcr  Vhys,  (Pogg.),  9^  (1850),  C3§:  .1.  prakt.  Chvm.  70  (is"k 
nil  Jjib.  Chem,  I85n.  413, 

4-  A,  W.  HoPMAKx  and  A.  Cahours.  Recherche  sur  les  baeea 
]»hofpbor6e».  Pt. 

CL  B.  43  (ISSe),  1002:  Atin.  Chrm.  (Llebig),  104  (1857).  1:  PhiL 
TmDft.  J47  (1S57),  51>5:  Ann.  ehim.  phvs.  [li],  51  (1857).  5;  J. 
pnLkU  Chem.  To  (1857),  364:  J.  Chem.  Soc,  11  (1858)»  56. 

fk  0.  Claims.  Febereinujo  EluMlrtnvHrhindung.  (Platinumthio- 
ej§miit^  p,  48.)  Pt. 

Ann-  Chem-  (Liebig-h  91*  <ih3*j>.  4^;  Ann,  cbrm.  phys.  [3],  49 
(1S57),  101:  J.  pmkt.  Chem.  70  (1857),  52;  J.  dc  Phnrm.  31  (1^57), 
1S5;  Chem.  Gaz.  14  (1850),  314;  Chem.  CentrbL  1856,  730;  J«b. 
Chem.  1H5C,  443. 

C.    Claus.     Ucber   die    Ammoniummoleciile    der    Metalle. 
(ThiH>r«*iieal  aHielc  on  the  metal-ammonium  baB^s.) 

Pt,Pd,Ir,Os.Tlh,Ru. 
Ann.  Chem,  (Llcbig),  98  (185C),  317;  Jab.  Chem.  1S5G,  :iU, 

t.  P.  Wbselsky.  Ueber  einige  ninie  der  Formel  RjPtjCyinllU 
titUpreehende  Platineyanverbindungen,  ferner  iiber  rotlies 
HPtCy.,  5H0  iind  gelbci  iIgPtC}v  <>H0.  Pt, 

SltzbcT.  Acnd.  Wiea,  20  (1856),  2-^2;  J.  pmkt.  Chem.  (iJi  (1856),  276; 
Chem,  C^ntrbl.  lS5rj,  77^:  J«b.  Chem.  1856,  440. 

8.  C.  Weltziek.  TFebor  die  Ammomummolecille  der  Metalle. 
(TW»r€ticiil  CM>nsidernt]on  of  raetal-ammonium  bnfK*?.) 

Pt,  Pd,  It,  Oa,  Rh,  Ru. 

Aak,  OMrrn,  (Liebig).  07  (1856),  10;  100  (1856),  108;  Chem.  Cecitrbl. 
IS56,  114:  Jitb.  Chetn.  1856,  313,  411. 


ntnies  der  iluiinbas^f^n. 


t'U 


'*>), 


».  fi7:  J.  prakt.  Chem.  OU  (1856),  4Jm: 
301:  Chem.  Centrfol.  ia56,  750;  Jab, 
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(Double  platosamin  am- 


1856:  10.     C.  Gbimm.     Ein  neues  Platinsalz 
moniuni  chlorid.) 

Ann,  Chem,  (Liebig),  99  (1850),  95;  J.  prakt.  Ckem,  70  (1857K  r4: 

jBb.  Cheni.  1856,  415. 


1856:  11.  W.  GiBBS  and  F.  A.  Genth.  Researches  on  the  anini«juia* 
cobalt  bases.  (Platinum  chlorids  of  cobalt-ammonium  bases.)  Ft. 
Smith.  Cont.  Knowl  9  (1856);  Amer.  J.  Sci.  [2],  23  (1857),  234, 
319;  24  (1857).  86;  J.  prakt.  Cheni.  72  (1857K  148;  Ann.  Chem, 
(Liebi^),  104  (1857),  150,  295;  Chem.  Gaz.  15  (1S57),  14J,  165,  18«^ 
250p  266,  383,  404;  Chem.  Centrbl.  1858,  129,  257;  Jsb.  Ch^n.  1^57, 
234. 

1856:  12.  H.  Sainte-Claiee  Deville.  Action  de  Tacide  iodhydriqtie 
sur  Targent.  (Palladium  acted  on  by  hydriodic  acid,  but  plati* 
Dum  almost  unacted  on.)  Pt,  Pd. 

C.  R,  42  (1856),  8<)4;  Ann.  Chem.  (Liebig),  101  (1857),  196:  J.  prakL 
Chem.  69  (1856).  420. 

1856:  13.  W-  Kefebsteik.  Ueber  die  Krystallformen  einiger  chemi- 
schen  Verbindiingen.  (Ammonium  iridium  chlorid.  ammoniuni 
rhodium  chlorid,  barium  palladium  cyanid,  and  potassium  plat- 
inum thiocyanate.)  Pt,  Pd,  Ir,  Eh. 

Ann.  der  Phys.  (Pogg.).  99  (1856),  275;  J.  prakt.  Chem.  69  (1856)* 
303;  Jsb.  Cbem.  1856,  420,  442,  445. 

1856:  14.  Caranza.  Note  sur  un  nonveau  procMfe  de  fijcage  pour  lea 
^preuvcB  photographiques,  au  moyen  du  chlonire  acide  de  platine. 
(Only  title.)  Pt. 

€.  R,  42  (1855),  344;  Chem.  CcntrbL  1856,  192. 

1856:  15.  H.  Sainte-Claihe  Deville.  M^moire  sur  la  production 
des  temperatures  trte  elev^es.     (Fusion  of  platinum,  p.  198.)     Pt. 

Ann.  chim,  phys.  [3],  46  (1856),  182;  Ann.  Chem.  (Licbig).  102 
(1S57),  320;  BuL  Soc.  Eiicour,  Paris,  55  (1850),  2S6:  Poljt.  J. 
(Dingier),  140  (1856),  428;  Jab.  Chem.  1856,  315. 

1856:  16.    H.  H.  Landois.     (Plating  metals  with  platinum  in  the  cold.) 

Pt* 

Cosmos,  rev.  encyclop.  Sept,  (1856),  309;  Polyt.  J.  (Dingier)*  14t 
(1856),  157;  J.  Frank.  Inst.  [3],  32  (1856),  265;  Soc  Encour.  Xat, 
Indwst.  PaHs  (1855),  Dec.  25. 

1856:  17.  A,  Smee.  (Method  of  depositing  platinum  black  on  plat- 
inum and  silyer.)  Pt» 

Polyt.  Notizbl.  1856,  No.  21;  Polyt.  J.  (Bingler),  142  (1S56),  U7; 
Chem.  CentrbL  1857,  96. 
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;  1&    V,  Begkault*    M^moire  sur  la  chaleiir  gpecifique  de  quel- 

qnm  corps  simples,     (Specific  heat  of  osmium,  p.  262;  rhodium 

and  iridium,  263.)  Os,  Rh,  Ir. 

Ann,  chim.  phy«.  [3],  46  (XS56),  257;  Ann,  der  Phja.  (Pog^.).  98 

111-  Phil,  Mag-.  [4],  12  (1656),  493:  Arcb.  sci.  phya.  nat. 

.  3115;  N.  Cimento.  3  (1850),  442;  Jsb.  Chem.  1856,  41, 

(1,    A.  A.  Damoub  and  A.  Descloizeaux.    Examen  de  divers 
Msantillons  de  sables  auriKres  et  platinif^res.  Pt, 

Ann,  chim.  phys.  [3],  51  (1S57),  445. 

2.    .    Price  of  platinum  (in  1857).  Pt. 

Ann,  der  Phya*  (Pogg.),  101  (1857)^  644;  Polyt.  J.  (Bingler),  146 
tl»57),  77. 

8,    H.  Saixte-Claire  Deville  and  H.  Debray.    Des  metnus 
da  platine  et  de  leur  traitement  par  la  voie  s^che. 

Pt,Pd,Ir,08,Kh,  Ku. 

C  It  44  (1857),  1101;  .\nn.  Chem,  (Liebig),  104  (1857).  227:  J. 
prukt.  Chenu  71  (1S57),  371;  rinstltnt,  25  (1857),  173,  181;  Chem. 
Gaz,  15  (1857).  310;  Cimento,  6  (1857);  Chem,  Centrbl.  1857,  433; 
Polrt.  J,  (Dingier),  145  (1857),  44;  Jsb.  Chem,  1857,  259, 

L    A,  MrcKLE  and  F,  WOhler,     Ueber  den  Platingebalt  der 

Plattnriicksttode.     (Separation  of  platinimi  and  iridium.)    Pt,  In 

Ann*  Chem.  (LSebig),  104  (1857),  368;  J,  prakt,  Chem.  73  (1858)» 

n$l  Polyt,  J.   (Dingier),  149  (1858),  237;  Chem.  Centrbl.  1858, 

254;  Jsb.  Chem.  1857,  2C2. 

5,    0.  Korno.    KiystalliBirtes  Platin,  Pt. 

J.  prakt,  Chem.  71  (1857),  190;  Jsb.  Chem.  1857,  261. 

E.  Wysocky.  Ueber  die  Affinining  des  osmium-iridium-hal- 
Goldes  vom  Stabs  Capitain  Belozerow.  Os,  Ir. 

Oeeter,  Ztsch.  fiir  Berg*  und  IIutteni\'eaen,  1857,  No.  26;  Chem. 
Centrbl.  1857,  665. 

7.     T.  Oppler,    Ueber  die  loflverbiiiJungen  des  Iridiums,    Tnaiig* 
Dias.  Gotiingen,  1857.  Ir. 

Jal».  Chem.  857,  263, 

"8.    V.    Schwa RstEKBACH.     (Potassium    platinocyanid   and    mor- 

phin,  etc.)  Pt. 

Vlerteljiihrssch.  prakt.  Pharm.  6  (1857),  422;  Jsb.  Chem.  1857,  602. 

A.  W,  HoFMAJiX*    Contributions  towards  the  history  of  the 

:!*enie*,  and  antimony-tiases.     (Platinum  salts,)    Pt* 

Sc*i\   London,  H   (185tt-57).  500;  Ann,  Chem.   (Liebig), 

llBOTi  le  Pharm.  34  (1858),  137;  Chem.  Centrbl.  1857, 
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1857:  10.  R.  Bottgeb.  PaUadminchlorur,  ein  ausgezeichnetes  Reftgena 
fur  verschiedene  Gase.  Pd. 

Jsber.  phys,  Yer.  Frankfurt  a.  M,  1857-58,  45;  Ann.  der  Phjri. 
(Fogg.),  106  (1859).  4D5;  J,  prakt.  Cbem.  76  (1859).  233;  K 
Jhrbuch.  prakt,  Pharm.  11  (18511),  263;  Polyt.  J.  (Dingier),  158 
(1859),  76;  R^p.  chim.  pur.  1  (1859),  402;  Chem.  Centrbl.  185J>, 
321;  Jsb.  Chem.  1859,  257;  Polyt.  Notizbl  14  (1859).  102:  Polyt. 
CentrbL  25  (1S59),  683;  Chem,  tech.  Mitth,  (Eisner).  8  (1858-59), 
55, 

1857:  11.     Q.  Sella.     Sulla  forme  cristalline  di  alcuni  sali  di  platino  l^ 

del  IjOTO  adamantino,     (Crystal  forms  of  platinum  bases.)         Pf 

J£em*  Accad.  Torino  [2],  17  (1858),  337;  Cinaento,  5  (1857),  81;  T 

(1858),  228;  Arch,  scL  phys.  nat.  'M  (1857),  330;. Jsb.  Cbein,  1857. 

201;  Ann.  der  Phys,  {Fogg,),  100  (1857),  64C. 

18r>7:  12.  H.  DE  Senarmont.  Rammelsberg:  Die  neueste  Forschungen 
in  fler  krystallinischen  Chemie,  Leipzig,  1857-8.  (BirelractiTi* 
crystals.)  Bn. 

Jsb.  Chem.  1867,  2fi5, 

1867;  13.     W.  J.  Gbailich  and  V.  vox  Lang.    Untereuchimgeu  iiber 

die  physikalisehen  Verlialtnisse  krystallisirter  Korper.     (Double 

platinocyanids,  p.  16.)  Pt. 

Sitzben  Aend.  Wien,  27  (1S57),  3;  Jsb.  Chem.  1858»  235;  Kryst,  opt. 

Untersnchnng-en,  Wien  und  Olraiiz,  1858,  99. 

1857:  14.  A,  Descloizeaux,  Proprietes  optiques  bireiringentes  Am 
eyanure  de  barium  et  de  platine;  cyanure  de  magnesium  et  de 
platino:  clilonire  de  platine  et  d'ethylammoniaque.  Pt- 

Ann.  des  iMines  [5],  11   (1857),  301,  306,  324;  14  (1858),  393. 

1857;  15.  H.  Sainte-Claibe  Deville.  Memoire  sur  le  silicium.  (Ae- 
tion  of  silicon  on  platinum,  p.  06.)  Pt 

Ann.  chim.  phys,  [3],  49  (1857),  62;  J.  de  Pharm.  31  (1857),  116, 

1857:  16.  H.  Sainte-Clatke  Dkville.  Sclimelzung  schirer  echmelz- 
baren  ^letalle.  Pt> 

Polyt.  CentrbL  1S57,  605;  Chem,  Centrbl.  1857,  461. 

1857:  17,  B.  B^ttger.  Verhalten  .  .  .  des  Platine  zu  dem  geschmol* 
zenen  chlorsauren  Kali,  Pt 

N.  nep»  fiir  Pharm,  (Buchner).  6  (1857),  ^7;  Cliem.  CentrbL  1857^ 
036, 

1857:  18,     C.  0.  Mosander.     Filtrerings-apparater  af  Platina.  Pt. 

Oefver.  Akad,  Forh.  Stockholm,  14  (1857),  203. 

1857:  19.     W,  C,  Heraeus.     Preis  Platingerathe.  Pt, 

xVun.  der  Phys.  (Pogg,).  101  (1957),  644;  Chem.  CentrbL  1S5T.  siL 
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0*  F,  ScHONBEiX-    Ueber  einige  neue  Beihen  chemischer 
[B^rQhnmgFwirkimgen,     (Influence  of  platiimin  sponge,)  Pt, 

Abh.  hftyer.  Akad,  Wiss.  8  (1857),  37. 

M.     A.  BKrmx.     Siir  la  formation  de  Teau  par  des  lames  de 
pUtinc  qui  ont  servi  h  transmettre  un  courant  electrique,  Pt. 

Ann.  cliim,  phyii.  [3],  51  (1817),  450;  C.  It  44  (1857),  11^73;  J.  prakt. 
Chem.  71  (1857).  371;  Chem.  Cetitrbl.  1857,  mj, 

it.    *T.  M^LLBa,    Abnahme  der  Elektrieitat^leitnng  in  Metallen 

I  bei    Starke    Temperatur-Erholuing,       (LeiUmgswidorstand    deB 

Platins.)  Pt. 

ProgTamm    d.    Gymnasiums    zu    Wesel,    1857;    Ann.    der    Phje. 
(Fogg.),  103  (1858),  176;  Jab.  Chem.  1858,  110. 

M.     L,  Cailletet.     De  rinfliience  de  Thydrogene  naissant  eur 
I  rasudgamation.  Pt. 

C.  IL  41  (1857),  1250;  Jsb.  Chem.  1857»  249. 

S,  Bleekbode,     Platinens  von  Borneo.  Pt- 

Anm  4ler  Phy^.  (Pogg.),  103  (1S5S),  656;  J,  de  Phfinn.  34  (1858). 

Zl^t  J,   prakt.  Chem.   74    (1858),  361;  Polyt.  J.   (Dingier),   151 

(1950),  15*5 ;  Phiirm.  J.  and  Trans.  18  (1839)»  32;  Jsb.  Chem.  1958. 

675. 

W,    Henke.     Vcrbindungen    der    Nitrile    mil    Chlorur^ri, 
[(Qranethyl  nnd  Plat  inch  lorid.)  Pt. 

Ann.  Chem.  (Uebig),  im  (1858)»  280;  J.  prakt.  Chem.  75  (\s:M, 
S04;  J.  de  Pbarm.  U  (l!t58),  448. 

K,  roN  Teiann.    Ueber  das  Platrncyanathyl.  Pt. 

SiUber.   Acad.    Wleii.   Si    (1858),  26;   Ann.   Chem.    (Liebig),   107 

(1S5I»).  315;  J.  prakt.   Chem.  75   (1858).   190;  J.  de   I'httrm.  a4 

L  44S»;  Kep.  chlra.  pur.  1  (1859).  137;  Chem.  Guz.  17  (1B5U), 

i.^'in.  Ceritrbi.  1858,  787;  Jsb,  Chem-  1858.  235. 

0,  O,  WiLUAilS,     (Platinchlorid  and  quinolin.)  Pt. 

Chem.  Oaz.  16   (ieS8)»  346;  J,  prakt,  Chem.  76  (1850),  251;  Jab, 
Chem.  1858.  357. 

W.  GiBBS  and  F.  A.  Qenth.  Preliminary  notice  of  a  new 
I  containing  osmiuni  and  the  elements  of  ammonia.  0«jlr. 
Am^r.  J.  Chem.  [2],  25  (IS5S).  248;  Chem,  Centrbl.  1859;  130;  Rfip. 

chlm.  pur.  1  tlt<59),  32n:  Proc,  Amer.  Assoe.  1858.  VM;  Jsb.  Chem. 

Si&8,  214* 

^  ■  "  HAY  and  E.  Li:n  nsen\   I  cbcr  die  Oxalate  der  schweren 
iL-i  .     (Oxal^auri's  Platiuoxydxil  Natron.)  Pt. 

Ann,  Chem.  (Liebig),  105  (1858),  256;  J.  prakt.  Chem*  74  (1858), 
ITO. 
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1858:  7.    C.  Claub.    XJeber  die  Reduction  des  Iridiximchlorids  (lrC\J) 

in  niedere  Chlorstnfen.  It. 

Ann,  Cliem.  (Liebig),  107  (1S5S),  129;  Ann.  chlm.  phys.  [3].  2H 
(1858),  423;  J,  prakt,  Chem,  76  (1859),  24;  Bep.  cliim*  pur.  1 
(1859),  86;  Jsb.  Chem.  1858,  210. 

1858:  8.     C.  W.  Hempel.     Eisenoxydulsak  mit  canstiBchem  Alkali  ab 
Eeductionsmittel*     (Reduction  of  platinum  chlorid  by  ferrous  sul- 
fate and  formation  of  platinmn  black.)  Pt, 
Ann,  Chem.  (Liebig),  107  (IS-'iS),  97;  J.  prakt,  Chem.  75   (I85a), 
444;  Polyt.  J.  (Dingier).  149  (1858),  444;  Chem.  News,  1  (1860)^ 
107;  Jsb.  Chem.  1858,  190. 

1858:  9.  J.  Spiller.  On  some  remarkable  circimiatances  tending  to 
disguise  the  presence  of  various  acids  and  baaes  in  chemical  analy- 
sis.     (Action  of  citric  acid  on  platinum  diorid.)  Pt 

Q.  J.  Chem.  Soc.  ID  (1858),  110;  X  de  Pharm.  33  (1858),  54. 

1858:  10.    A*  ¥,  Kogues.    Influences  des  hautes  temperatures  sur  TAtat 

moUeulaire  de  certains  corps.     (Platinum  crystals.)  Pt, 

C.  R.  47  (1858),  832;  Chem.  CentrbL  1850,  16;  Jsb.  Chem.  1858,  20«. 

1858:  11.    F.  Crace-Calyert  and  R.  Johnson.    On  the  expanaion  of 
metals,  alloys  and  salts  (specific  gravity  and  expansion  of  plati- 
num.) Pt 
Rep.  Brit,  Assoc.  28  (1858),  46;  Jsb.  Chem.  1859,  10. 

1858:  12.     L.  Elsneb.     TJeber  die  Fliichtigkeit  einiger  Korper  in  der 
Weissgliilihitze.     (Sublimation  of  platinum,  palladium  and  iri- 
dium.) Pt,Pd,Ir, 
Chem.  tech.  Mitth.  (Eisner),  7  (1857-58),  36;  J.  prakt.  Chem,  99 
(1866),  257;  Jsb.  Chem,  1866,  35. 

1858:  13.    W.  E.  Newtok.     (Platinum  alloys.)  Pt,  Pd,  Ir,Rh. 

Repertory  Pat.  Invent*  1858,  375;  Pharm.  J.  and  Trans.  18  (1^9), 
233;  Polyt.  J.  (Dingier),  148  (1858),  415;  Jsb.  Chem.  1858,  208, 

1858;  14,     C.  Brunneh.     Bereitung  von  Platinschwarz.  Pt. 

Mitth.  Naturf.  GeaeL  Bern,  1858,  83;  Ann.  Chem.  (Ltebl^),  W 
(1859),  253;  Ann.  der  Phys.  (Pogg.),  105  (1858),  496:  Mp.  diim. 
pur,  1  (1859),  294;  R^p.  chim.  appL  1  (1859),  211;  Chem.  CcntrbJ. 
1859.  30;  Jsb.  Chem.  1858,  209;  Chem.  Xews.  I  (1S60),  179;  Le 
ifonde  BcL  Mar.  1  (1860). 

1858:  15.     T.   L.   Phipson.     La  force  catalytiqiie  ou   Etudes   sur  la 

phenomenes  de  contact.      (Combustion  under  the  influence  of 

platinum,  etc.)     (M^moire  couronn^  par  la  Soe.  Holland,  des  ScL^ 

Haarlem,  1858.)  Pt,  Pd,  Bh- 

>at.  Yerh.  d.  Maatsch.  Wet.  Haarlem,  14  (1861),  1. 
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I    C.  F-  ScHdXBKix*     tJeber  den  Einfluss  des  Platins  auf  che- 

eh-gobundenen  SauerstofiF.  Pt. 

Verli.  NfttuH,  Ge»el.  Basel,  S  (1S58),  35;  Geiehr,  Anz.  Muochen, 

47  (1858),  "SQ;  Ann.  chim.  phys.    [3],  55   (1859)»  2X6;  Abb.  der 

Fhjs,  (Pog^.),  105  (1858),  258;  J.  prakt,  Chem.  75  (1858),  101; 

J«b.  Chem.  IS58,  56. 

17»    W.  J,  Gbailich.     Ueber  Fluorescenz.     (Magnesium  platino 
cjanjd*)  Pt 

Verli.  Akad,  FresbBrg,  2  (1^57),  111  Jsb.  Chem,  1858,  3. 

18.  F.  CaACE-CALTEBT  and  R.  Johksox.     Sur  la  conductibUit6 
le  la  cbaleiir  par  les  m^taux  et  leurs  alliages.     (Conductivity  of 

'  platinum  for  heat.)  Pt. 

C.  R.  47  (1858),  1069;  Phil.  TraBB.  LoadoB.  148  (1858)»  349;  Polyt. 
a.  (Dlng^ler).  152  (1859).  125;  Jsb.  Chem.  1858, 110. 

19.  A*  Abndtsek.     TTeber  den  galvanischen  Leitungswiderstand 

fderHetalle  bei  verBchiedenen  Teraperaturen.  Pt. 

Ann.  der  Phys,  (Pogg.),  104  (1858),  1;  Ann.  chim.  phys.  [3],  54 
(1858)»440. 

A.  Matthiessen.     Ueber  die  electrische  Leitungsfiibigkeit 
Metalle.  Pt,  Pd. 

Ann.  der  Phys,  (Pogg.),  103  (1858),  428;  Phil.  Trans.  London,  148 
(1858),  383;  PhU.  Mug.  [4],  16  (1858),  219;  Ann.  chim.  phys.  [3], 
51  (1858),  255;  Arch,  sci.  ph.  nat,  [2).  3  (1858),  310;  Jlnatitnt,  26 
(1858),  402;  Cliem.  Centrbl.  1858,  411;  Jsb,  Chem.  1858,  108; 
Cfmento.  17  (1803),  47. 

S.  Blekkrodk,    Platinerz  von  Goenoeng  Lawack  auf  Borneo. 

Pt. 

Ann.  der  Phys.  (Pogg.),  107  (1850),  189;  J.  prakt,  Chem.  77  (1859), 
3W:  Wp.  chim.  pur.  1  (1859),  374;  Jsb.  Cbem.  1859,  766. 

.    American   platinum.     (Vein  of  platinum  and 

in  Missouri.)  Pt. 

Cbem,  News.  1  (1859).  36. 

Weil.     (Platiiierze  aug  Californien.)  Pt. 

G^nle.  InduRt,  17  (1859),  262;  Polyt,  J:  (Dingier),  153  (1859),  41: 

Jahrb.   der   Miner.    18*J0,    354;   Jsb.   Chem.   1859,   766;   Bei^   u. 

HiittPn  Ztg.  19  (1860).  20;  20  (1861),  270;  Bcrggeist,  5  (1860), 

No.  57. 

W-  Haibinoer.  Die  grosse  Platinstufe  im  K.  K.  Hof-Miner- 
I  alien  ^Cabinet  (Wien).  Gcschenk  dee  FiirBten  Anatol©  von  Dcmi- 
[doff,     (From  Nischnei-Tagikk.)  Pt 

SiUbrr.  Acad.  Wien,  35  (1859),  345;  Jsb.  Chem.  1859.  766. 
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1859:  5.     SoRkzE.     Krystallisation  des  Plat  ins.  R. 

Bergrgeiat,  4  (1859),  yio,  48;  Berg  u,  Hutten  Ztg,  19  (1860)*  27. 

1859:  6.     M.  H.  Jacobi  (par  Peloiize  present^).    MMailles  frappeesavec 
des  alliages  de  platine  et  iridium.  Vt,  lr» 

a  R.  49  (1859),  896;  J.  pmkt.  Chem.  SO  (1S60).  499;  Chenu  »wa, 
1  (18C0),  23;  Poiyt.  J-  (Dingier),  154  (1850),  118;  Jsb.  Chenu 
1839,  254. 

1859:  7.  M.  11.  Jacobi  {par  Pelouze  presente).  Un  Fingot  d'mdium 
fondn.     (267  grams  weight.)  Ir. 

C.  R.  49  (1859),  807;  J,  prakt.  Chem.  fiO  (1860),  499. 

1859:  8.     C.  Clatts.     Neue  Beitrage  zur  Chemie  der  Platinmetalle. 

Ft,  Pd,  Ir,  Os,  Rh,  Ro. 
I.  Ueber  das  Hiitheiiiiim  verglichen  mit  dem  ilim  ahnlichen 
Osmium.     Bull.  1  :  97. 
II.  A.  Einiges  Allgemeines  iiber  die  Platinmetalle  and  einiges 
besoiiders  liber  das  Ruthenium,  2  :  158, 
B,  Ueber  das  Rhotliuin  im  Vergleich  zum  Iridium,  2  :  17L 
III.  A.  Ueber  ammoniumhaltige  Rutheniumbasen,  4  :  454. 

B.  Ueber  die  Darstellung  des  Rutheniumsalzeii  und  iiber 

die    verschiedenen    Methode    des    Aufschliessens    de« 
Osmiuni-Iridiiims,  4  :  465, 

C.  Ein  Paar  Worte  iiber  die  Cyanverbindungen^  nament- 

lieh  das  Osmiimicyankali,  4  :  482.  • 

lY.  Ueber  das  Osmium,  6  :  14o. 

(Original  analysis  of  Ruthenium  "  tctrachlorid/'  1  :  107.) 

Bnn.  Acad.  Sci.  St.  P^tersb.  1  (ISGO),  y7;  Z  (I8<i0).  158;  4  (18631. 
453:  6  (1S63).  145;  Ann.  chim.  phys.  [3],  59  (1860),  111;  J.  pmkt. 
Chem.  7*1  (I860),  28;  80  (18»V0),  282;  85  (1861)»  129;  90  (186a)»  65; 
J.  de  Fharm.  37  (1860),  391:  Chem.  Ceiitrbl.  1859,  961;  1860,  674, 
eSU;  18G2,  121,  129;  1864.  497;  Ctiew,  News,  3  (1801),  194»  257;  I 
(1861).  310;  7  (1863),  115,  121;  Rep.  chim,  pur.  2  (1860)»  2U;  3 
(1861),  121;  4  (1862),  4m;  Bui.  aoc.  chim.  [2],  3  (18«5).  U5; 
Amer.  J,  Sci.  [2j.  29  (1860),  425;  34  (1862),  183,  213;  Ztsch.  Chem. 
5  (1862),  117;  J.  annl.  Chem.  1  iim2),  306;  5  (1866),  117;  J*b. 
Chem.  18r»9,  247;  1860^  204,  742;  1861,  .^20;  1863,  29.5;  M^1tin|ep» 
phys.  chim.  Acad.  St.  Petersb.  4  (1860).  U  294;  5  (1«61),  ?i7;  5 
(1863),  439. 

1859:  9.  H.  Saixte-Claibe  Deville  and  H.  Debray.  Du  platioe  vl 
des  m<^^taux  qui  Taccompagnent.  (Properties,  general,  p.  3^8; 
osmium,  392;  ruthenium,  405;  palladium,  413;  alloys,  414;  rho- 
dium, 415;  platinum,  419;  iridium,  431;  alloys,  433;  in'  -u 
437;  analysis,  439;  assay,  453;  cupellation,  457;  assay  oi  f^ 
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I;  assay  of  iridofimiuia,  4T0;  metallurgy,  484;  extraction  of  plat- 
HkUm  hy  fu^iou,  489;  preparation  of  alloys,  493.) 

Pt.  Pd,  It,  Os,  Rh,  Ru. 

Ann.  chlm.  phyn.   [3],  56   (1850),  385:  Ant.  des  Mines   [5],  Id 

(HiSO),  1;  Ann.  Cbem.  (Liebi|j),  111  (1859),  209;  114  (18<iU),  7«; 

Ann.  dcr  Phys.   (Pog^.),  107  (IS59J,  214;  J.  de  Pharm.   [3],  3S 

tl»5t*»,  anfi;  V.  K.  48  (1859),  731  i  i'lnstitiit,  27  (1859).  118:  Pharm. 

nnd  TrwuM.   (2).  1    (1859).  414.  470;  Polyt,  J*    (Dingier),   15;j 

859),  -AHi  164  (1859),  130.  I9i*.  2S1,  :i8:i;  Chefw.  News,  I  (lS*iO),  5, 

.  85;  Chrm.  CentrbK  1950.  559.  008;   R/»p.  chiro.  pur.  1   (1859), 

5,  537;  IWp,  chlm,  a]jpL  1   (1869),  435:  Amer.  J,  ScL   [2],  29 

llSOO),  li;*,  373,  370;  J,   Frank,   Inst.    (:j].  40   (1800).  21;  Jsb, 

h€?m.   1859,  2:10.  7C7;   Berg:  u.   Ilutten  Ztg.   19   (18G0),  20.  256, 

^260,  272:  Chem.  tech.  MUib.  (Klsner),  9  (1859-00).  125;  Polyt, 

Ontrbl  S6  (1860),  900;  Polyt.  Centrhulle.  10  (1859),  542. 

10*    H.  DuLLO,     lleber  L^sliehkeit  des  Platins  in  Kbnigswaj^er, 

Pt. 
J.  pmkt.  Chem.  7»  (1839).  309;  Chem.  News,  1  (IBfiO),  204;  fifip, 
chlm.  pur,  2  (1850),  114;  R(ip.  chim,  ap|»K  2  (I860),  183;  Jnb. 
Chein.  1859,  ^50;  J.  ohim.  mM.  (4).  6  (1860),  259;  Ber|,'  u.  UnU 
ten  Zt|^.  19  (1860),  352;  Chem.  tech.  Mitth.  (Elaner),  10  (1?^60- 
61  >,  126. 

11.    W.  EiciiriEii.     Iteitrage  znr  Kenntniee  ciniger  Osmiiimver- 

bindungDn.     (Potassium  usmite,  osiiiichlorid,  nnd  aniiiH>nio*«ilver 

oimichlond,)  Os. 

BuL  Soc.  Nat  Mokcou,  :i2,  I,  (1859),  152;  Archiv  Russ.  19  fl860), 

27R;  ,lMb.  Chem,  1860,  214. 

I:  18,    W,  Knop.    Notiz  iiber  die  Bereitnng  der  Platincyauiddop- 
pelialze.  Pt. 

CTicm,  C«titrbt  1859,  17:  U^p.  ehim.  pur.  1  (1859),  249;  J»b,  Ch**m. 
11159,  £74. 

Bf:  13.     G.  Wkrthkr.     Xotiz  libor  M/ignesiumpIatincyamir.  i'l. 

J,  prttkt.  Chem.  76  (1859).  18(5;  Chem.  Gax.  17   (isr.vn,   1  jk:  fliem. 
Centrbl.  1S59,  629;  Jab.  Chem.  1859,  274. 

59:  14,    V,    ScfTWARZEXBACH,     Verbindungon    dcr    Alkaloule    mit 
PlatincranUr,  Pt. 

Vi#rtrJjflhr«ch.  prakt.  Pharm.  8  (1«59),  516;  Chem.  CentrbK  inno, 

15.  W.  K.Nur.  I  etior  eine  Eigenscliaft  des  Platni^aiijunj;-.  S'>\]7. 
iiber  i?in  Zerisctzungj^product  iles  Platvusjahoiaks,  (Zei-j^tuuben 
beim  Erhitzen;  mit  Nalronlaiige  gtkocht  und  mit  Essigsnurt*  ver- 
•et2t,gil>tv    V      -     )  Pt. 

Chem.  J41.  352;  J»b.  Chem.  1869.  256. 
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1859: 


16.      J.    SCHLOSSBERGEB. 

chlorid. 

Ann.  Chem.  (Liebig), 


1859: 


(Bor- 

(1959). 


Kieesaure  axis  Alkohol  durch  Platin- 

Pt. 

110   (1859),  247;  Rep*  chim,   piir.  1   (1859), 
419. 

IT.     C.    A,    Mabtius.     Ueber   einige   Boryerbindiiiigen 
platin,  p.  81.) 

Ann.  Cheni.  (Liebig),  109  (1859),  79;  J.  prakt.  Chcm.  T 
125;  Chem.  CentrbL  1$59|  221;  Jsb.  Chem.  1858,  210, 

1859;  18.     E.  Becquebel,     Eeclierches  but  divers  effets  luraineiTx  qai 
resultant  de  raction  de  la  lumi^re  sur  les  corps.     (Optical  proper- 
ties of  the  platinocyanidB,  p.  140.)  Pt, 
C-  K.  49  (1S59),  27;  Ann.  chim.  phys.  I^^],  57  (1859),  40;  Arch.  ScL 
phys.  nat.  6  (1859),  21;  Phil  Mag-.  18  (1859).  524. 

1859:  19.     C,  B.  Geeiss.    TJeber  die  Fluorescenz  des  Magnesium  Platin- 
eyaniir.  Pt. 

Ann.  der  Phys.  (Pogg.)»  1^6  (1859),  645;  Jsb.  Chem.  1859,  275. 

20.     V.    Regnault.     Une    anomalie    de   la    chaleur    spfeifique 
d'echantillons  d'iridium.     (Owing  to  osmium  present.)  Ix,  Os, 

C.  R.  49  (1859),  897;  J.  prakt.  Chem.  80  (1860),  500. 

2L     G.  Jenzsch,     Universal  Platintriangle.  Pt. 

Polyt.  J.  (Dingier),  151  (1659).  425. 

22.     H.  DuLLO.     Ueber  das  Platiniren  von  Glaa  uud  Porcellan 
(and  solution  of  platinum  in  aqua  regin;  cf.  1859  :  10).  Pt. 

J.  prakt.  Chem.  78  (1859),  367;  Polyt.  J.  I  Dingier),  157  (1860).  1 
J.  chitti.  m6d.   [4].  G  (18G0),  238;  J.  Frank,  Inst.  [3].  42   (I8til). 


1859: 


414;  Bnl.  Soc.  Encour*  Nat.  Indus!.  Paris. 


1859: 


23.    L.  Elsker.    Porzellanflachen  mit  einem  starkea  tJeberzuge 
von  Platina  zii  iiberziehen.  Pt. 

Chem.   tech.  Mitth.    (Eisner),   9   (1859-60),   124;  Chem*  News,  4 

(1861).  13. 

1859:  24.     C.  F.  Vasserot.  Plating  glass  with  platinum  and  palladium. 

Pt,  Pd. 
Kepert.  of  Pat.  Invent,   [3],  33   (1859).  485;  Polyt.  J.   (Dingier), 
153   (1859),  42;  Polyt.   Centrhalle.  10  (1859),   576;  Cbem.  tech. 
Mitth.  (Eisner),  9  (1859-60),  67. 

1859:  25.    Wild.    Einfache  Methode,  Kupfer  und  Messing  auf  soge- 
nanntem  nassen  Wege  mit  Platin  zu  iiberziehen.  Pt. 

Arch.  Pharm.  148  (1859),  112:  Chem.  Centrbl.  1859,  541;  Pdlyt.  J. 
(Dingier).  153  (1859).  238;  Polyt.  Centrhane^  10  (1859),'  5<tO; 
Chem.  tech,  Mitth.  (Eisner),  9  (1859-60),  126. 
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W,  I      .ScutLVDBrK.     TTeber  die  katalytische  Zcrsetziing  des 

Waasenrtofrstiperorydes  diirch  raetallieches  Platin,  Pt, 

Gelehrte  Am>  Mihiehen»  40  (1850).  169;  Verb,  Xatf,  UeseJ.  Basel, 

2    (1*60),   280;    Ann.   der   Thys,    (Po^^,),   109    (lS(iO),   130:   Autt. 

chlm.  phys.  (3 J.  58  (1860).  46(5. 

87.     C.  F.  ScHONBKiN.     Beitrage  zur  nahera  Keuntniss  des  Saxier- 

ftoffes,  Pt. 

Oe)4phn«  Ati«.  Miinelien.  49  (1859),  529;  Verb-  >'atf.  GeaeU  BaaeU 

2  (H60),  420;  Ann,  chlm.  phys.  59  (1860).  102;  J.  prakt.  Chem* 

T»  (IfiOO).  ri5;  Ztsch.  anal.  Chem.  1   (lSli2),  9;  ^Viin.  der  Phys. 

(Fogg.),  112  (1861),  281. 

I  $8.     C,  F.   SchOxbein*     Ueber  die  chemische  Polarisation  des 
Saoarstoffee.  Pt. 

J*  prakt.  Chem.  78  (1859),  88;  Ann.  chim.  phys,  [3],  58  (1860).  479; 
Vcrh.  Natf.  Gesel,  Basel,  2  (18«0).  251;  Ann.  der  Phys.  (Fogg.), 
10ft  (1859).  471;  Chem-  News,  1  (1860),  109,  254;  Phil.  Mag.  IS 
(1859),  S10« 

M.  H.  Jacobi.    Note  snr  I'emploi  d'line  cantre-batterie  de 
plutine  aux  lignes  £»lectro-t61(;graphique8.  Pt. 

C.  R.  49  (1859).  ttlO. 

V,  CoTTA.     Krystallisirtes  gediegenes  Platin.  Pt. 

Berg  uml  Hutten  Ztg.  19  (1860),  495;  Jahrbuch  Min.  1801,  327; 
Jpb.  Chem.  I860,  74 X 

H*  H*  Jacobi.    Sur  le  platine  et  son  emploi  comme  monnaie, 
1st.  P«er»btirg,  1860.  S\  Pt. 

f3.    .     Fcber  die  Oewinnimg  von  Eoheisen,  Kupfer, 

Gold  und  Platin  in  den  KronsVjerg  und  Hiittenwerken  des  Uralge- 
I  birges  im  Johre  1858.  Pt. 

Buss.  Berg.  Journ.  ISOO;  Berg  und  Hiitten  Ztg.  19  (18G0),  489. 

|i.  H,  Sainte*Claire  Devtlle  and  H.  Debray.  De  la  fusion 
I  ft  du  monlage  du  platine.  Pt, 

C»  B.  50  (1860).  1038;  J.  prakt.  Chem.  80  (1860),  500;  Chem,  News, 
t  (I860).  24;  Chem.  CeotrbL  1860,  r.39;  riustitiit.  28  (1860),  194; 
Polyt.  J.  (Dingier),  157  (1860),  04;  Amer.  J.  ScL  [2].  30  (1860), 
158;  .Tfib.  Chem.  1860,  205;  R^p.  chim.  appl.  2  (1860).  220;  J. 
Frank.  Inst.  [3].  40  (1860).  123;  Berg  u.  Iliitten  Ztg.  20  (1861), 
170. 

[5.  n,  Saixte-Ci^ihe  Devillk  and  TI.  Debrat.  De  k  ra6tal- 
I  lurgie  du  platine  et  des  nietaux  qui  raccompagnent,  (Assay,  Ann, 
'  diim.  ph^ifr.  61  :  8;  cupellation,  13,  30:  direct  fusion,  57;  treatment 
lol  OTC«  in  dry  mtiv,  <57;  extraction  of  iridium  and  rhodium,  76; 
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ruthenium  and  palladium,  78;  treatment  of  the  platinum  of  old 
Eussian  eoin,  88.)  Pt,  Pd,  Ir,  Os,  Rh.  Ru. 

Ann.  des  Mines  [5].  18  (1860).  71,  325;  Ann.  cbixn.  phjs.  [3].  <jl 
(18G1),  5;  Polyt.  J.  (Dingier).  165  (1862).  198;  Polyt.  CentrbL  27 
(1861),  1263;  Jsb.  Chem.  1861,  881;  Berg  u.  Hiitten  Zt^.  21 
(1662),  76;  Chem.  tech.  MHth.  (Eisner).  12  (1862-63),  13S. 

I860:  6,  W,  GiBBS.  Researches  on  the  platinum  metals.  (Ammoninm 
compounds  of  osmium  and  palladium;  nitric  acid  compounds  of 
iridium.)  Os,  Pd,  Ir. 

Amer,  J.  Sci.  [2],  29  (I860),  427;  Jsb.  Chem.  1860,  ;£17;  Cbem. 
Kews,  2  (1660),  179. 

I860;  7.  BoEDEKEH.  Die  Beziehung  zwischen  Dichte  und  Zusam- 
mensetzung  hei  festen  und  liquiden  Stoffen.  Leipzig,  I860, 
(Composition  and  specific  gravity  of  platinum  and  iridium  chlorids 
and  platinum  iodids.)  Pt,  Ir. 

Jsb.  Chem.  1860,  16. 

I860:  8.  H.  Schipf.  Die  Polysulfurete  der  Sehwermetalle.  (Plati- 
num.) Pt. 

Ann.  Chem.  (Lieblg).  115  (1860),  73. 

I860:  9,  C,  Klippel.  Ueber  das  Methplumbathyl  (Methplumbathyl- 
chloriir-Platinclilorid,  p,  298.)  Pt. 

J.  pnikt.  Chem.  81  (1860),  287, 

I860:  10,  J.  W.  Mallet.  On  osmious  acid  and  the  position  of  osmium 
in  the  list  of  elements.  Os. 

Amen  J,  Sci.  [2],  29  (1860).  49;  PhiL  Ma^.  [4],  19  (I860).  293; 
Chem.  NewB,  1  (ISOO),  206;  R6p.  cMm.  pur.  2  (18G0).  209;  Jsb. 
Chem.  1860,  213. 

1860:  11.  A.  W.  HoFMANN,  Contributions  to  the  history  of  the  phos- 
phorus-bases.   (Analyses  of  chloroplatinates  of  phosphorus-basett) 

Pt 

Ann.  chim.  phya*  [3]*  62  (1861).  385;  63  (1861),  257;  $4  (1868),  110; 
J.  Chem.  Soc.  13  (1860),  289;  14  (1861).  73,  316;  Ann.  Chem. 
(Liebig),  SuppI,  band,  1  (1861),  1»  145.  275;  J.  prakt,  Chem.  5T 
(1862),  182;  Q.  J,  Chem,  Soc.  13  (1801),  4;  Phil.  Trans.  London, 

150  (18G0).  409. 

I860:  10.    E.  A.  Habow,     On  the  composition  of  the  platinidcyanids. 

Pt 

Q.  J.  Chem.  Soc.  13  (I860),  lOG;  Chem,  News,  1  {l^CQ),  153;  BIp. 
chim.  pur.  2  (1860),  220;  Jsb.  Chem.  1860,  220* 
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M.    C.  CzuDNOWicz.    Beitrage  zur  Kenntniss  der  Ceroxydulver- 

bmdungen  imd  der  Lanthanoxydfialze.    (Cerium  platinocyanid, 

p,  id;  Lanthan  platinocyanid,  p.  36.)  Ft. 

J.  pirmkt.  Chero.  80   (i860),  29;  Chem.  Centrbl.  1860,  1016;  Mp. 

efaim.  pur.  2  (1860),  317,  321;  Ztach,  Cbem.  3  (1860),  532;  Jab. 

Chcm,  18€0,  124. 

14    C*  A,  iLiBTius.    Ueber  die  Cyanverbindungen  der  Platin- 

metalle,     (Inang*  Diss.)  Gottingen,  1860.    Pt,  Pd,  Ir,  Ob,  Rh,  Ru. 

Ana.  Chem.  (Liebig),  117  (1861),  357;  Chem.  CentrbL  1861.  545; 

1862,  139;  Chem.  News,  5  (1862),  323;  E^p.  chim.  pur.  4  (1862), 

97;  Phil.  Mag.  [4],  21  (1861),  502;  Jsb.  Chem.  1860.  202,  230. 

15.  A.  H.  Chubch  and  E.  Owbn.  On  cespiiine  and  other  bases 
produced  by  the  destructive  distillation  of  peat.  (Platinum  ces- 
pityl  ammoninm.)  Pt. 

Phil.  Mag.  [4],  20  (1860),  110;  J.  prakt  Chem-  83  (1861),  225; 
Chem.  News,  2  (1860),  133,  146;  Chem,  CentrbL  1860,  803;  Jsb. 
16^,  358. 

16.  Q.  Toy  Bath.  KiyBtallographische  Beitrage.  Kaliumpla- 
tinsesqaieyaniir,  2(KaC;jy)  +  Pt^Cy^  +  5Aq.  Pt. 

Am.  derPhya.  (Pogg,)»  110  (1860),  110. 

17.  W.  Ckossley.  On  the  melting  points  of  some  of  the  ele- 
ments. (Relation  between  the  melting  point  and  atomic  volume 
af  platinum  and  ^^.«uladiiun.)  Ft,  Pd« 

Chem.  y  **«,  2  (1860),  88. 

18.  Delaxue.     Entdeckung  hammerbar  Platins.  Pt. 
J.  dea  Mines,  1860,  548;  Berg  u.  Eutten  Ztg.  20  (1861),  335. 

M-    0.  L.  EBDaiAKK.    Ueber  die  Reinigung  der  Platintiegel,  nnd 

die  Vw^halten  dereelben  in  der  Gasflamme.  Pt. 

J.  prakt.  Chem.  79  (1860).  117;  Polyt.  J.  (EMngrler).  156  (1860),  393 j 

K6p.  chim,  appl.  2  (1860).  127;  Ztsch.  Chem.  3  (1860),  316;  Jsb. 

Chem.  1860,  205;  Chem.  News.  2  (1860),  256;  J.  Frank.  Inst.  [3], 

41  (1861),  196;  Berg  u.  Hiitten  Ztg.  20  (1861),  40. 

!80.     F.  O.    Cleaning  of  platinum  (with  sodium  amalgam).       Pt. 

Cbem.  News,  2  (1860),  286;  J.  prakt.  Chem.  83  (1861),  272;  Polyt. 

J.  (Dingier).  161  (1661).  75;  J.  Frank,  Inst,  [3],  41  (1861),  390; 

42  (1862).  180  (dnpl.);  Jsb.  Chem.  1861,  316. 

81.  J.  Pelouze,  3Iedaillen  aus  Legirungen  von  Platinum  mit 
Iridinm.  Pt,  Ir,  Rh, 

Polyt  J.  (Dingier),  155  (1860).  118. 

W,  J.  NiCKLES.  Letter  on  new  alloys  of  platiniim  (by  H.  St.  C. 
Deville  and  H.  Debray).  Pt,  Ir,  Os. 

Afiicr.  J.  Scl.  [2],  29  (I860),  270, 
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1861:  1.    J.  ToRREY.     Occurrence  of  iridosmium  in  Calif omift.    (Foot- 
note to  Gibbs'  Researches.)  Ir.Os. 
Amer.  J.  Sci.  [2],  31  (1861),  69. 

1861:  2.  Q.  Sella.  Sulla  forme  cristalline  di  alcuni  sali  derivatideff 
ammoniaca.     (Chloroplatinates  of  ethylphosphins.)  K 

Cimento,  13  (1861),  349;  14  (1861),  37;  15  (1862),  145;  M^m.  Acid. 
Torino  [2],  20  (1863),  355. 

1861:  3.    E.  Gueymard.    Notice  sur  le  dosage  du  platine  qui  se  troure 

k  r^tat  de  diffusion  dans  les  gites  m^talliques  ou  dans  les  rochei 

des  Alpes  du  Dauphin^  et  de  la  Savoie.  Ft. 

C.  R.  53  (1861),  98;  Chem.  News  5  (1862),  7;  R6p.  chim.  appL  3 

(1861),  365. 

1861:  4.    A.  A.  Damour.    Note  sur  la  presence  du  platine  et  de  retain 

m^tallique  dans  les  terrains  aurifferes  de  la  Guyane.  Pt. 

C.  B.  52  (1861),  688;  Ann.  des  Mines  [6],  8  (1865),  250;  J.  prtkt 

Chem.  87  (1862),  250;  R€p.  chim.  pur.  3  (1861),  221;  B^p.  chim. 

appl.  3  (1861),  181;  Jsb.  Chem.  1861,  969. 

1861:  6.    M.  Faraday.     On  platinum.    (Lecture  at  the  Boyal  Institu- 
tion, Feb.  22,  1861.)  Pt,  Pd,  Ir,  Os,  Bh,  Bu. 
Proc.  Boy.  Inst.  3  (1858-62),  321;  Chem.  News,  3  (1861),  136. 

1861:  6.  W.  GiBBS.  Researches  on  the  platinum  metals.  ((]!hiefljOD 
separation  of  the  metals;  review  of  history  and  proposal  of  net 
method  with  nitrites.)  (*'  Reprinted  from  the  Contributionfi  to 
Kjiowledge  of  the  Smithsonian  Institution,  vol.  12  **;  not,  how- 
ever, so  published.)  R,  Pd,  Ir,  Os,  Bh,  to. 

Amer.  J.  Sci.  [2],  31  (1861),  63;  34  (1862),  341;  31  (1864),  57;  J. 
prakt.  Chem.  84  (1861),  65;  91  (1864),  171;  94  (1865),  10;  OOL 
News,  3  (1861),  130,  148;  7  (1863),  61,  73,  97;  9  (1864),  121:  ^ 
chim.  pur.  3  (1861),  218;  4  (1862),  259;  Bui.  Soc.  Chim.  [2].  < 
(1864),  39;  3  (1865),  285;  Chem.  CentrbL  1864,  355;  Ann.  Chen. 
(Liebig),  120  (1861),  99;  ZtMh.  anaL  Chem.  5  (1866),  117,  VX 
136;  Polyt.  J.  (Dingier),  166  (1882),  396;  Jsb.  Chem.  186t  3« 
1862,  231;  1863,  290;  1864,  287;  Berg  u.  Hutten  Ztg.  21  (IM*)* 
256. 

1861:  7.    G.  KiBCHHOFF  and  E.  W.  Bunsen.  Chemische  Analyse  dnrch 

Spectralbeobaehtungen.      (Solubility   of   rubidium   and  cesitim 
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Berg  u.  Hiitten  Ztg.  22  (1863),  195;  from  Berg  a.  Hutten  Jalut. 
12  (1863). 

1863:  18.    C.  AtTBEL.    Schmelzimg  des  Platins  im  Focus  der  Diise  eines 
Eisenhohofens  auf  Retortenkoks-Unterlage.  Pt. 

Polyt.  J.  (Dingier),  168  (1S63),  28;  R^p.  chim.  appl.  5  (1863),  134: 
Berg  u.  Hiitten  Ztg.  22  (1863),  272. 

1863:  13.     C.   A.   Gruel.     Die   Schweissbarkeit  des   Platins   und  ihr 
Nutzen  in  der  pbj^ikalischen  Technik.  Pt 

Polyt.  J.  (Dingier),  170  (1863),  284. 

1863:  14.     P.  TuKKER.     Bericht  iiber  die  metallurgischen  Oegenstinde 
der  Londoner  Weltindiistrie-Ausstellung  von  1862.     Wien,  1865. 
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^(f  84,     H.  MiilJer,  PaUadiiim^Platimrung;  27.    Platindarstellung 
nach  Deville  durch  Schmelzixng.)  Pt,  Pd. 

Berg,  u*  Hutt^n  Ztg,  22  (1863).  168, 

Pt. 


|l5.    .     (Plating  with  platinum.) 

>\  Jahrb.  ftir  Pharm.  19  (1863),  323;  Chem.  CentrbL  1863,  896, 

IS.    Haobe.    (Substances  which  should  not  be  fua^d  in  platinum 
cmdUea.)  Pt. 

J.  de  Fharxn, ;  Chem.  News,  8  (1863),  12. 

|17.    W,  Fbazeh.     Osmium  spectrum,  Os. 

Os4;tn.  News,  8  (1863),  34;  Chem.  CentrDl.  1864,  223;  Amer.  J.  Sci, 
[2],  36  (1863)»  267;  Ztsch.  anaL  Chem,  2  (1863).  353. 

|l8.    0.  Quincke.     TJeber  die  optische  Eigenschaftcn  der  Metalle. 
[(Platimim.)  Pt. 

Monatsher.  Acad,  Berlin,  1S63,  115;  Ann.  der  Thya.  (Pogg.),  119 
(1863)^  385. 

IL  C.  LiA.  Notes  on  the  platinum  metals,  and  their  separa- 
[  tioo  from  each  other,  (Use  of  oxalic  acid  in  addition  to  Claus' 
I  procmO  Pt,  Pd,  Ir,  Os,  Rh,  Bu. 

Amer*  J,  Sci.  [2]«  38  (1864),  81,  248;  J.  praki.  Chem.  95  (1865),  351; 
Chem.  News,  10  (1864),  379,  301;  11  (1865),  3,  13;  Chem,  CentrbK 
1^5,  393;  BuL  soc,  chim.  [2],  6  (1866),  127;  Ztsch.  anaL  Chem. 
5  (186C),  123;  Jsb.  Chem.  1864,  290. 

E.  Baudrihokt.  Becherches  sur  les  chlorures  et  les  broraures 
de  phoaphore.  (Action  of  phosphorus  pentachlorid  on  platinum, 
p*  16.)  Pt. 

Ann*  chim«  phya.  [4],  2  (1864),  5. 

[S.    J.  G.  Gentele.    TJeber  einige  Platinbasen,     (Theoretical,) 
J.  prakt.  chem.  93  (1864),  298;  Jsb.  Chem.  1864,  296.  Pt 

0.  A.  WiKKLEK.  TJeber  Siliciiunlegirungen  und  Silicium- 
!  anensieialle.     (Silicium  Legirungen  mit  Platin,  p.  203.)  Pt. 

J,  prakt.  Chem,  91  (1864),  193;  Chem.  CentrbL  1864,  774;  BuL  soc* 
ebSm,  [2],  2  (1864),  32;  J.  de  Pharm.  [3],  45  (1864),  S53;  Jsb. 
Cbexzu  1864,  :^09. 

[$.    R  B^yrroBB.    TTeber  die  Reduction  der  Platindoppelverbin- 
dimgen  dea  Casiums,  Rubidiums  und  Kaliums  auf  nassem  Wege. 

Pt. 
J.  prtikt.  Chem.  91  (1864),  251;  Ztsch.  anal.  Chem.  3  (1864),  362, 
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1864:  6.     C.  Geitner.    TJeber  das  Verhalten  des  SchwefeU  tmd  d 

schwefligen  Saure  zu  Wasser  bei  hoher  Temperatur.    (Action  ( 

sulfur  dioxid  on  platinum,  p.  358.)  Vi 

Ann.  chem.   (Liebig),  129  (1864),  350;  J.  prakt.  Chem.  93  (1861) 

99;  Chem.  CentrbL  1864.  143;  BuL  see.  chim.  [2],  2  (1864).  til 

J.  de  Pharin.  [3],  45  (1864),  453,  457;  Jsb.  Chem.  1864.  143. 

1864:  7.     C.  Brunner.    TJeber  die  Einwirkung  des  Wasserstoff gases  m! 

die  Losungen  einiger  Metallsalze.  R,  Pd,li 

Mitth.  Naturf.  Gesel.  Bern,  1864,  17;  Ann.  der  Phys.  (Pogg.),  Ifl 

(1864),   153;  Chem.   Centrbl.   1864,   604;  BuL   soc.  chim.  [2],  I 

(1864).  441;  Phil.  Mag.  [4],  28  (1864).  226;  Ztech.  Chem.  7  (18«), 

660;  Polyt.  J.  (Dingier),  171  (1864),  287;  Jsb.  Chem.  1864, 124. 

1864:  8.  A.  Schrotter.  TJeber  ein  vereinfachtes  Verfahren  das  li- 
thium, Rubidium,  Casium  und  Thallium  aus  den  LithioDgliiii- 
mern  zu  gewinnen  (Anwendung  von  Platinchlorid).  (Solubilitj 
of  platinichlorids.)  Pt 

Sitzber.  Akad.  Wien,  50.  ii  (1864),  268;  J.  prakt.  Chem.  93  (1864), 
282;  Chem.  Centrbl.  1865,  331;  N.  Jahrb.  der  Pharm.  23  (1%5), 
16.  65;  Jsb.  Chem.  1864,  182. 

1864:  9.  W.  Crookes.  On  thallium.  (Thallium  platinichlorid;  allof 
of  thallium  and  platinum,  p.  147.)  PL 

J.  Chem.  Soc.  17  (1864),  112. 

1864:  10.    W.   Crookes.     On  the  solubility  of  some  thallium  silti. 

(Solubility  of  platinichlorids  of  potassium,  ammonium,  thallium, 

&e.)  Pt 

Chem.  News,  9  (1864),  37;  Bui.  soc.  chim.  [2],  1  (1864),  266;  Jslv 

Chem.  1864,  256. 

1864:  11.  L.  Ditscheiner.  Die  Krystallfonnen  einiger  Platincyin- 
verbindimgen.  Pt 

Sitzber.  Akad.  Wien,  50.  ii   (1864),  373;  Anzeig.  Akad.  Wien,  I 
(1864).  169;  rinstitut,  33  (1865),  55. 

1864:  12.    .    Platinage  des  metaux.  Pt 

Bui.  soc.  chim.  [2],  1  (1864),  301. 

1864:  13.     H.  Kopp.    TJntersuehungen  iiber  die  speeifische  Wanneder 

starren  und  tropfbarfliissigen  Korper.     (Speeifische  Warme  de» 

Platins  und  des  Iridiums,  p.  73;  des  Platinehlorid-Chlorkaliun^S 

p.  95.)  Pt.Ir. 

Ann.  Chem.  (Liebig),  Suppl.  bd.  3  (1864),  1. 

1864:  14.  F.  J.  Pisko.  Beitrag  zur  Fluorescenz  des  Lichtes.  (Casiiun- 
platinum  sulfid.)  Pt 

Ann.  der  Phys.  (Pogg.),  123  (1864),  167. 
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11$,    y,  M.  Haoult.    Rechttrches  sup  lee  forceB  electromotrices. 
[(Form  prodnced  at  contact  of  platinum  and  gold.)  Pt. 

AUJX.  Chim.  phys.  [4],  2  (1864),  317. 

K.  KRAtrr,    Bairum  in  Platin.  Pt 

ZUeli.  »nal*  Chem,  4  (1865),  369;  Chem.  News,  14  (Um),  34;  Jsb. 
Cbem.  18U5«  282. 

V,  TON  Zefh^bovich.     Krystallographische  Mittheilung  iiber 
jwei  PlatindoppelsalzG  des  Piperidinharnstoffes,  PL 

Sitxber.  Akad.  Wien,  52,  ii  (1SG5),  24 1» 

[3,     P.  T.  Clkve.     Bidrag  till  kannedomen  om  ammoniakaliska 
Kromforeningar.     (Platinichlorids  of  chromium  bases.)  Ft. 

Haudl.  Akad.  Stockhcjlm  [2],  C  (1866),  4. 

14,     P,  T,  Cleve,     Forelopande  underrattelser  ora  nagra  brora- 
|och  jodhaltiga  ammoniakaliska  Pkitinaforemngar.     (Braniin  and 
kid  in  «alt8  of  platinura  liases,)  Ft. 

Oefv«rsigt.  Akad.  Forh.  Stockholm.  22  (1865),  487;  J.  prakt. 
Chem.  100  (ltt67)»  22;  Jsb,  Chem.  1867,  321, 

H.  Baubioky.    Ueber  ein  neues  Palladiamsalz  (Palladamin- 
eblorur).  Pd. 

Aim.  Chem.  (Liebig),  Suppl.  bd.  4  (1865),  253;  Ztaeh.  Chem.  0 
(1866),  50«;  Jsb.  Cbem- 1866.  276. 

C.  BlEKBAUM,     Ueber  die  Bromverbindimgen  des  Iridiumfi* 
Inaug.  DiBS.  Gottingen,  1864.  Ir. 

Aon.  Chem.  (iJiebiK).  133  (1865).  161;  X  prukt.  Chem.  96  (1865), 
207;  Ilul.  mc.  ehim*  [2].  4  (1S65).  112;  Chem.  CcntrbL  1865,  354; 
Ztsch.  Chem.  8  (1865),  22;  Jab.  Chem.  1864,  292. 

?•  C.  BiRNBACif,  Ueber  die  Einwirkimg  der  schwefligen  Saur« 
ilif  das  blaue  Iridiuraoxydhydrat*  Ir. 

Ann.  Chem.  (Liebig),  136  (1865),  177;  BuL  boc.  ohinu  [2],  5  (1866), 

354;  Chem.  Centrbl.  1865,  1132;  J,  prakt.  Chem.  08  (1866),  32; 

Zl&ch.  Chera,  S  (1865),  459;  Jab.  Chem.  1865,  283. 

[M.    J.  Redtenbacheb,     Ueber  die  Trennung  von  Bubidium  und 

I  Ctt^ium  in  Form  der  Alaune,     (Loslichkeit  des  KaJiura,  Rubidium 

xmd  Casium  Platinehloride.)  Pt. 

Sitiiber.  Akad.  Wien,  51,  ii   (1865),  247;  Anzeig.  Akad.  Wien,  2 

(1865),  3V;  J.  prakt.  Chem.  U4  (1865),  442;  Chem.  Centrbl.  1865, 

625;   l*Institut.   33    (1865),   216;    Phil.    Mag.    [41,    2    (1865).   375; 

Ztuch,  anal,  Chem.  4  (1865),  97;  Ztsch.  Chem.  8  (1865).  345;  Jsb. 

Chem.  1865,  705. 

£•  A,  TAN  DER  Buso.  Chemische  Xlittheilungcn  in  Betreff 
China-Alkaloide.     (Verhalteu  der  China-Alkaloid©  zu  einer 

iumpiattncyaniirlosung,  p.  20G.)  Pt 

Ztach.  anal.  Chem.  4  (1865),  272;  Jsb.  Chem.  1865,  439, 
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1865:  10.    C.    Stahlschmidt,    Sy   and   Waokeb.     (Platinum    plated 

dishes  for  the  chemical  laboratory.)  Pt 

Verh.  Ver,  Beford,  Gewerbefleisses  in  Prcusaen,  1805,  ^0;  J.  ptBkt. 

Chem.  98  (1860),  320;  Polyt.  J.  (Dingier),  179  (186d),  162;  Ztodi. 

anaL  Chem.  5  (1866),  99. 

1865:  11.    G.  MAOiiUS,    (Note  on  plating  with  platinum.)  FU_ 

Ann,  chim.  phys.  [4],  6  (1866),  146. 

1865:  12.    A.  Salvetat.    Ueber  die  Spiegel  ans  platinirtcm  Glase  tou 

Creswell  und  Tavemier.  Pt 

Bui.  Soc.  Encourage.  Sept.   (1865),  626;  Polyt.  J.   (Dingier),  isa 

(1866),  39;  Polyt.  Cemtrbl.  32  (1866),  407,  730;  Chem*  tech.  Be- 

pert,  -t,  il  (1865),  39;  Deutsch.  Indust.  Ztg.  6  (1865),  495;  Chem. 

tech.  Mitth.  (Eisner),  15  (1865-66),  192. 

1865:  13.    J,  B.  A.  Dode.     (PlatinspiegeL)  Pt 

Lea  Mondea^  7,  603;  Breslauer  Gewerbeblatt,  1865,   No.  13;  BuL 

soc.  chim.  [2],  3  (1865),  398;  Polyt.  J.  (Dingier),  177  (1865),  79; 

J.  Frank.  Inst.   [3],  50  (1B65),  273;  Lond,  J.  Arta  Sci.   (1865), 

July. 

1866;  14.    — "♦     Platinum  mirrors,  introduced  by  Dod^.      Pt 

Quart.  J.  of  Sci.  2  (1865),  497* 

1865:  15.     ScffWAEZ.    Body's  PlatinBpiegel.  Pt. 

Breslauer  Gewerbchl.  (1865),  No.  13;  Chem.  Centrbl.  1865,  960, 

1865:  16,    P.  Weiskopf.    Platinaspiegeln  auf  Glas.  Pt. 

Deutsch.  Gew.  Ztg.  30  (1865),  468;  Chem.  tech,  Hepert.  4,  ii  (1065), 
40;  Chem.  tech.  Mitth.  (Eisner),  15  (1865-66),  191, 

1866:  17.    K,  Kraut.    Ein  Vorlesungsversuch.    (Oxidation  tod  Am- 
moniak  zu  AmmoniumnitTat  mittelst  Platindraht)  I*t 

Ann.  Chem.  (Liebig),  136  (1865),  69;  J.  Frank.  Inat  [3],  51  (1966), 
137* 

1865:  18.    E.  Sell.     Siir  nn  produit  de  Voxydation  de  r^rythrite  (par 
platinmohr).  Pt 

C.  B,  61  (1865),  741;  J*  prakt.  Chem.  97  (1866),  251. 

1865:  19.    E.  Edlund.    Qvantitativ  beatanming  af  de  vormefenomencr, 

Bom  uppkomma  vid  metallers  volnmforandring,  af  veorsom  af  vir^ 

mets  mekaniska  eqvivalent,  oberoende  af  metallens  nire  arbete. 

(Elasticitats-Coefficienten  des  Piatins.)  Pt, 

Oelveraigt..    Akad.    Stockholm,    22    (1865),    295;    Ann.    dcr    Phya. 

(Pogg.),  126  (1665),  565;  Ann.  chim.  phys.  [4],  8  (1866),  257, 

1866:  1.    N.   VON   Kokschabow.    Mineralogiache   Noti^en   iiber  .  .  . 
Platin.     {Platinum  ore  magnetic.)  Pt 

Bui.  Acad.  Sci.  St  P^terab,  11   (1867) »  79;  Jahr,  Min,   186?,  IW: 
Jsb.  Chem.  1866,  912. 
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F,  WOHLER.  Ueber  ein  neues  Mineral  toe  Borneo,  (Laurit^ 
fRuOsS.)  Rii,  Os. 

Gdttiniren  Nachrichten.  lSe6«  155;  Ann.  Chem.  (Llebig).  139 
(laJOe),  116;  J.  prakt,  Chem.  98  (18(50),  226;  Chem,  Centrbl.  1866, 
eSO;  C  R.  62  (1S66),  1059;  Ann.  china,  phys.  [4],  9  (1866).  515; 
Xatnurk.  Tljdsch.  Batavia»  30  (186S),  416. 

S.  Cloez.    Iridium  cmtallis^.  Ir,  Pt 

Bui.  HOC.  chinu  [2],  5  (1866),  162, 

E.  SoN'STADT.    Note  OB  the  purification  of  platinum.     (Clean- 
platinum  crucibles  from  iron  ores.)  FL 

Chtnu  News.  13  (1866),  1-15;  J.  de  Pharm.  [4]»  4  (18e6)»  152;  Polyt* 
J.  (Dingier),  180  (1860),  365;  J.  Frank.  Inst.  [3],  51  (1866),  416; 
Jftb.  Chem.  1866,  267;  PolyL  CentrbL  32  (1866),  758;  Chem,  tech. 
Mitfh,  (Eisner),  15  (1865-66),  103. 

A*  FoBSTER.    Zur  Kenntniss  und  Trennung  der  Platinmetalle 
ium6).  Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

ZUch.  anal.  Cbeni«  5  (1866),  117;  Jsb.  Chem.  1B66,  266. 

16,    C.  F»  SchOnbein,     De  Inaction  du  pktine,  du  ruthenium,  du 

rhodium  et  de  Tirfdium  sur  Teau  de  chlor,  sur  les  dissolution?* 

liqueug«j»  des  hypochlorites,  sur  le  peroxyde  d'hydrog^ne,  et  sur 

iPoiyg&ne  ozoniz4.  Pt,  Ir,  Rh,  Hu. 

Ann.  ehim,  phys.  [4],  7  (1S66),  103;  8  (1866),  465;  J.  prakt.  chem. 
$9  (1^66),  76;  Verh.  Natnrf.  Gesel.  Basel,  4  (1867),  286;  J.  de 
pharm.  [4].  4  (1866),  395;  Bui.  soc.  chim.  [2],  7  (1867).  339; 
J«b.  Chem.  1866,  104;  Sitzbcr.  Akad.  Munchen,  1866,  i,  278;  Chem, 
News,  1.1  (1866),  207. 

C.  BiRKBAUH*  Ueber  die  Einwirkung  von  schwefliger  Saure 
Fauf  Platinoxydbydrat.  (Also  separation  of  platinum  and  iridium, 
[p.  177.)        ^  Pt,Ir. 

Ann.  Chem.  (Lleblg),  130  (1866),  164;  J.  prukt.  Chem.  100  (1867), 
123;  Bnl.  soc.  chim.  [2),  6  (1866),  453;  Chem.  Centrbl.  1S66,  854; 
Zuch.  anoL  Chem.  5  (1866),  405;  Ztsch.  Chem.  9  (1H66),  235;  Jsb. 
Chem.  1866,  269. 

P.  ScHOTTLAXDEB.     Platiuur-Natrium-Hj^osulphit.  Pt. 

Aim,  Chem.  (Liebig),  140  (1866),  200;  J.  prakt.  Chem.  100  (1867), 
sai;  Chem.  CentrbL  1867»  223;  Ztsch.  Chem.  9  (1866),  739;  Jab* 
Chem.  1866,  268. 


[P.  W6HLini.]     Zur  Kenntniss  des  Osmiums. 


Oa. 


Ann.  Chem.  (Liebig),  140  (1866),  253;  Chem.  News,  15  (1867),  86: 
J,  pmkt.  Chem.  100  (lft67),  407;  Bui.  soc.  chim.  12),  7  (iae7)» 
»0;  Zlnch.  Chem.  9  (IsrC).  742;  Jsb.  Chem.  1866.  276. 
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1866:  10.    J.  H,  Gladstone, 
salt,  p.  12.) 

J.  Chem,  Soc.  19  (1866).  1 


On  pyrophosphotriaraic  acid.   (Platiiitim 

Pt. 


1866:  11,  H,  R5SSLEB.  Ueber  die  Doppelcyanure  des  Palladiuinft. 
(Inaug.  Diss.)  Gottingen,  1860.  (Refers  also  to  double  cyanids  a( 
platinum.)  Pd,  Ft 

Ztsch.  Chem.  9  (18G6),  175;  BuL  soc.  chim.  [2],  6  (1866),  323:  ZteciL 
anal,  Chem.  5  (ISGG),  403;  Jsb.  Chem.  1866.  275,  290. 

1866:  12,     P,  T,  Cleve.     Om  ammoniakalieka  Platinforeningar.        Pt, 

Ntiva  Acta.  Cpsala  [3],  6  (1S66),  5;  Bui.  soc.  ehim.  [2],  7  (IS«7), 
12;  Ztach,  Chem*  10  (1S67),  228;  Chem.  Centrbl.  Iftri7,  ^M  J%\k 
Cbem.  1867,  321, 

1866:  13.  E.  A,  Hadow.  The  platinum-bases:  the  best  mode  o!  ob- 
taining and  identifjnng  them;  some  new  compounds.  Pt. 

J.  Chem.  Soc.  19  (1S66).  345;  Chera.  News,  13  (186G).  281;  Chem. 
CentrbL  1867,  625;  J.  jirakt.  Chem.  100  (1867),  30;  Ztsch.  Cheui. 
9  (1866),  560;  Jsb.  Chem.  1866,  272. 

1866:  14.     R.  Bottoer.     Ueber  ein  sehr  auffallendes  Yerhalt^n  ver- 

schiedoner    Stoffe    zu    Schwefel-Wasserstoffgas.      (Platiuschw&n 

imd  Schiesswolle.)  Pt, 

Jsb.  phys.  Ver.  Frankfurt,  186G-67;  J,  prakt  Chem,  103  (1806),  310i, 

1866:  15.  [F.  WoiiLEH.]  Trennung  von  Knpfer  imd  Palladium.  (Br 
potassium  thiocyanate.)  Pd. 

Ann.  Chem.  (Liehig),  140  (1S66),  144:  Ann.  chim.  phys.  [4],  10 
(1857),  510;  Chem.  News,  15  (1867),  40;  Bui.  soc.  chim,  (21.  7 
(1867).  40;  J.  prakt.  Chem.  100  (1867),  440;  Polyt.  J,  (DingflcrJ, 
182  (1866),  347;  Ztsch,  anaL  Chem,  5  (1866),  403;  Ztsch.  Chem. 
9  (1866).  754;  Jsb.  Chem.  1866,  810. 

1866:  16.  A.  Commaille.  Sur  Taction  du  nitrate  d'argent  et  du  proto- 
nitrate  6e  mercure  sur  le  bichlorure  de  platine,  (ChloFoplatinat» 
of  silver,  &c.)  Pt. 

C.  K.  63  (1866),  553;  Bui.  soc.  ehim,  [2],  6  (1866),  262;  Chem. 
Centrbl.  1867,  125;  Chem.  News,  14  (1366),  175;  J*  de  pharm,  [41, 
4  (1866),  ;^63:  Ztsch.  anal.  Chem.  6  (1867),  121;  Ztsch.  Chem,  • 
(1866),  668;  Jsb.  Chem.  1866,  267. 

1866:  17.     R.    Fikkexer,     Ueber    die    Trennung    des    Kalium    vom 

Natrium  und  mehreren  anderen  Substanzen  vr-miittplst  Platin* 
chlorid.  Pt 

Ann,  der  Phys.  (Pogg.),  129  (1866).  637;  Chem,  C<;nirbL  1867,  333; 
Ztsch.  anaL  Chem.  6  (1S67),  213. 
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1 18.    G.  Dragendorpp.    IJeber  einige  neue  Beagentien  auf  Alka- 
Imde.     (Fridium  trichlorid  and  ruthenium  triehlorid.)         Ir,  Bti, 
Pbiirm,  Ztscb.  f.  Russland»  5  (1866),  S2;  Chem.  Centrbl.  1867,  87. 

\1^.     B.  BuNSEN.      Flainnipnreactionen.      (Platinum   metals,   pp. 
I J84,  2S5,)  Pd,  Pt,  Ir,  Bh,  Os. 

Ann.  CUein.  (Liebig),  US  (1860),  237;  Phil.  Mag,  [4].  32  (1866),  97, 
100;  N,  arch,  sci.  phys,  nut.  27  C18«G),  25:  Ztsch.  anah  Chem.  5 
(isf><0t  371;  Jfib.  Chem.  1860.  TBO;  J.  Frank.  Inst.  55  (XSes),  129, 

.    Platinum  apparatus  (platinized  copper).     Pt. 

Chem.  Xewe,  14  (1S6G),  179. 

n.     0.  C.  WiTTSTEiN\     TTeber  die  Ureache  der  allmaligen  Ge- 
wiehtaabnahme  der  Platintiegel  beim  Gliihen,  Pt,  Os. 

PoJyt.  J,  CDi«|rler),  170  (1866),  2©9;  Areh.  der  Pharm.  [2].  125 
(lfl66)»  242;  Ch^m.  Centrbl.  186G.  70;  Vierteljsch,  ftir  Pharni-  15 
(t$A6).  U;  Ztftch.  Pharm.  fiir  KusRlaiid,  4,  475;  Zt»ch,  anal. 
^  V  1  5  (18611),  9S;  Jsb.  Chem.  1S6C,  267;  Polyt,  NotizbL  21 
1,  Xo.  2;  Pharm.  Centrhalle,  7  (1866),  No.  1;  Chem.  tech. 
Mitth.  (KUner).  15  (1865-66),  140;  Polyt.  Centrbl.  32  (1866),  349, 
611:  I3eut8ch.  IIU  Gew.  Ztg.  (1866),  No.  9. 

A.  Schkitrer-Krstner.     (Use  of  platinum  vessels  in  con- 

itrating  sulfuric  acid*  and  its  wa^te.)  Pt. 

Mech.  Mag.  (I860),  Apr.;  J.  Frank.  Inat.  [3],  52  (1866),  6t>,  471. 

M.    J.  B.  TnoMSOK.     (Deposition  of  platinum.)  Pt. 

J.  Frank,  Inst,  [a],  52  (1866).  69. 

R.   BftTTOER.     Ueber  eine  sehr  geeignete   Fliissigkeit  zum 

I  Verplatinireu  von  Kupfer,  Messing*  Neusilber  und  dergl.  Pt. 

Jiib.  phya.  Vrr.  Frankfurt,  1866-67;  Polyt.  J.  (Dinsrler),  188  (18^8). 

2ri2:  J.   prnkt.   Chem.   103    (1868),   311;   BuK  soc.  chim.    (2j,   10 

(186^),  166:  Polyt,  NotiEbL  23  (1S68)»  No,  10;  Chem.  tech.  MItth. 

(Eisner),  17  (1867-68).  173. 

T.  Graham.  On  the  absorption  and  dialytic  separation  of 
igase«  by  colloid  septa.  Action  of  metallic  septa  at  n  red  heat. 
[(Platinum^  p.  415;  palladium^  42G;  osmium  and  indium.  431.) 

Pt,  Pd,  Os,  Ir. 

Phil.  Trans.  London,  l5ft  (1966),  3M:  Proc.  Roy.  Soc.  London,  15 

I,  223;  Chem.  Netva,  14  (1866),  88;  J,  Chem.  Hoe.  20  (1867). 

uin.  Chem.  (Liebig),  SuppL  bd.  5  (1867),  33,  53;  Ann.  chim. 

phy«.  [4],  12  (1867),  505;  Ann.  der  Phya,  129  (1866),  .576;  C.  R. 

W  nH6«).  471;  Chem,  Centrbl.  1866.  1017;  1867,  130;  rinslitut,  34 

.  315;  J.  de  pharm.  [4],  4  (1806),  351;  J.  pnikt.  Chem.  99 

,,     ,>,  ISO;  X.  arch.  nci.  phys.  nnl.    28  (1867),  193;  Phil.  Mag. 

[I],  38  (18M),  401,  503;  PoT>^.  J,  (Dingier),  182  (1866).  307;  Ztsch. 

ftnal.  Chem.  6   (1867).  108;  Ztsch.  Chem.   10   (1867),   159;  Jab. 

Chem,  1866,  43. 
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1866:  26.    P.  de  Wilde.    Action  de  Thydrogftne  but  Fac^tylene  soa 

rinfluence  du  noir  de  platine.     (Absorption  of  acetylene  by  pliti 

num.)  Pt 

Bui.   Acad.  sci.  BruxeUes,  21    (1866),  31;  Ann.   Chem.  (LieUf), 

Suppl.  bd.  4  (1866),  378;  Bui.  soc.  chim.  5  (1866),  175;  12  (18«), 

103;  J.  Frank.  Inst.  [3],  51  (1866),  322;  Kosmos. . 

1866:  27.     A.  Matthiessen.     On  the  expansion  by  heat  of  metakand 

alloys.     (Palladium,  Pogg.,  130  :  59;  Platinum,  60.)  Pd,Pl 

Phil.  Trans.  London,  156  (1866),  861;  Proc.  Roy.  Soc.  London,  U 

(1867),  220;  Ann.  der  Phys.  (Pogg.),  130  (1867),  50;  PhiL  Maf 

[4],  32  (1866),  472;  Jsb.  Chem.  1866,  24. 

1866:  28.     V.  von  Lang.     Orientirung  der  Warmeleitungsfahigkeit  da 

axiger  Krystalle.     (Platinocyanid  of  magnesium.)  PI 

Sitzber.  Akad.  Wien.  54,  ii  (1866),  163;  Ann.  der  Phys.  (Vofg.) 

135  (1868),  29;  Ann.  chim.  phys.  [4],  16  (1869),  469;  Jsb.  ClMn 

1868,  58;  Anzeig.  Akad.  Wien,  1866,  157. 

1867:  1.    .     Iridium  in  Canada.  Ir 

The  Keystone  News,  Mar.  1  (1867);  Chem.  News,  15  (1867),  207. 

1867:  2.    R.  Wagner.     Platinfabrication  (auf  der  Pariser  AutflelhnqA 

aus  "  Das  Hervorragende  auf  dem  Gebiete  der  ehemischen  ItA 

nologie  in  der  allgemeinen  Industrieausstellung  in  Paris  im  Jita 

1867,"  in  Kunst  und  Gewerbebl.  d.  polyt.  Ver.  Bayern,  1867.   Pt 

J.  prakt.  Chem.  102  (1867),  125;  Chem.  CentrbL  1868,  464;  Foljrt 

Centrbl.  33  (1867),  1282. 

1867:  3.     W.  von  Schneider.     Ueber  Abscheidung  des  reinen  Pl^tim 
und  Iridiums  (for  technical  use).  Pt.Ir, 

Ann.  Chem.  (Liebig),  Suppl.  bd.  5  (1867),  261;  BuL  soc.  chim.  [2). 
10  (1868),  21;  Chem.  Centrbl.  1868,  875;  Ztsch.  anal.  Chen.? 
(1868),  262;  Ztsch.  Chem.  11  (1868),  182;  Jsb.  Chem.  1S67.  314, 
854;  Ztsch.  Pharm.  fiir  Russland,  1868,  406;  Polyt.  J.  (Oinifier), 
190  (1868),  118;  Polyt.  CentrbL  34  (1868),  1657;  Polyt.  NotixbLfl 
(1868),  No.  19;  Chem.  tech.  Mitth.  (Eisner),  18  (1868-69).  1«. 

1867:  4.     K.  Birnbaitm.     Ueber  einige  Doppelsalze  des  Platinohlorii 

Pt 

Ztsch.  Chem.  10  (1867),  528;  BuL  soc  chim.  [2],  8  (1867),  416:  Jsb 
Chem.  1867,  319;  Chem.  News,  17  (1868).  60. 

1867:  5.     K.  Birnbaum.     Ueber  die  Verbindungen  des  Aethylens  hb^ 

seiner  Homologen  mit  dem  Platinchloriir.  K 

Ann.  Chem.  (Liebig),  145  (1868),  67;  Ztsch.  Chem.  10  (1867),  3«f 

518;  Chem.  Centrbl.  1868,  680;  Ann.  chim.  phys,  [4],  14  (1^) 

452;  Bui.  soc.  chim.  [2],  8  (1867),  339;  J.  prakt.  Chem.  101  (l***) 

381. 
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JC    R.  Weber.     Ueber  einige  Verbindimgen  des  Flatin-  und  dm 
'  Goldehlonds.     (Mit  Chlorwasserstoff  und  NitTylchlonir.)  Pt. 

MonaUber.  Aknd.  Berlin,  1867,  77:  Ann.  der  Phys.  (Pogg.)r  1^1 
(1867),  441:  BuK  Boc,  ehim,  [S],  B  (1867),  177;  Chem.  Centrbl. 
18417.  329;  rinstitnt,  35  (1867),  277;  J.  prakt.  Chem.  101  (1867), 
42:  N.  arch,  nv'u  phys.  nat.  30  (1867),  182;  Ztsch.  Chem.  10  (1867), 
3B2:  JBb.  Chem.  1867,  319;  Chem.  Kews,  16  (1867),  S&4. 

7.  H.  H.  Croft.  Notes  on  some  compounds  of  palladium. 
I  (Chloridfl  and  thioeyanates.)  Pd. 

Chem.  News,  16  (1867),  53;  Ztach.  Chem.  10  (1887),  671:  BtiL  soc. 

chlm.    [2],   9    (1868),   313;   Chem.  Centrbl.   1868,  816;  J.   prakt* 

Chc^m.  104  (18ti8),  64;  Jsb,  Chem.  1HG7,  :i31. 

|8r    E,   CAB8TAKJEN.     Ueber  das   Thallium   und  seine  Verbin- 
dimgen.    (Thallium-Platineyaniir,  p.  144.)  Pt. 
J,  prakt.  Chem.  103  (1867).  129;  Ztsch.  Chem.  11  (1868),  6^;  Jsb. 
Chem.  1867,  281. 

[9.    P-  T.  Cleve.     Oni  nagra  derivator  af  den  Gros'ska  Platina- 
bftsen,  I.  II.  Pt. 

HnndL  Akad.  Stockholm  [2],  7  (1867),  6;  7  (1868).  7. 

flO.    J.  TooMSBN.    En  raekke  Dobbeltcbloride,  henhorende  til 
Flatinbfiaernea  Oruppe.  Pt. 

Chrersi^t.  Danske  Vid.  Selsk.  Forh.  Kjtibenhavn,  1867,  225;  R€- 
aiime  BuL  Soc.  Roy.  Danake,  18G7,  42;  Jsb.  Chem.  1868,  278. 

U.    8.  M.  JoBOKNSEN.    Nogle  analogier  mellem  Pktin  og  Tin, 
et  bidrag  til  belysning  af  kieelsyrenfl  formel.  Pt. 

Skiiften  Danske  Vid.  Selsk,  Kjobenhavn  [r»],  fi  (1867),  449. 

|1«*    M.  C.  Lea.     On  a  new  test  for  hypoeulphites.     (Puri»le  with 
ruthenium  aalts  in  ammoniaoal  solution.)  Bu. 

Amtr.  J.  Sci.  [2],  44  (1867),  222;  J.  prakt.  Chem.  103  (1868),  444. 

[13.     V-    ScHW^RZBNBACH.     Ueber  Aequivalenzverhaltnisse   der 
Eiweis^ki'trper.     (AlbnTnon   and   casein   with    platinum   chlorid.) 

Pt, 
Ann.  Chem.  (LiebiKJ.  H4  (1867).  62;  Bui.  aoc.  chim.  12),  10  (1868), 
67;  J.  prakt.  Chrm.  103  (1868).  57;  Chem.  Centrbl.  1867,  852. 

I4t    H.  Saixtb-Claibe  Detille.     Sur  les  propriit6s  du  alliage 
du  platine  et  plombe.     (Platinum  lead  alloy.)  Pt» 

C.  E.  64  (18671-  loos:  Polvt.  .T.  (Dinirtrrh  185  f1967h  83;  Jsb.  Chem. 
1868,273. 

Pt. 


m 


.     (Alloy  of  platinum  and  steel.) 

L«»  Moode»*  13  (1867),  No.  15;  Qimrt.  J.  Set.  4  (1867),  427. 
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1867:  16.    CHUfiCH.    tJeber  das  Platiniren  von  Eisen,  Kupfer,  Meeeing, 

U.  8.  W.  Pt. 

Deutsch.    Gewerb.    Ztg.    32    (1867),    No.    43;    Chem.    tech.    Mittb- 

(Eisner),  17  (1867-68),  173. 

1867:  17.     Chuech.     Bemerkung  zu  dem  Platininrerfahren.  Pt. 

Polyt,  NotizbL  22  (1867),  Ko.  22;  Cbem.  teeh.  Mitth,  (Eisner).  17 

(1867-68),  174. 

1867:  18.    B,  B()Ttgeb.     Platiniiberziigen  auf  Glas  u,  s.  w,  PL. 

Jahrb.  phys.  Ver.  Frankfurt,  1867-68.  64;  Polyt*  J*  (Bln^ler)»  in 
(1869),  475;  Chem.  teeh.  :Mitth.  (Eisner).  18  (1868-69),  193. 

1867:  19,     G.  Merz.    Eiiiige  Beitrage  zur  Experimental-diemie:  ?L 

Platinmohr  in  emem  Strome  von  mit  Luft  vennischtem  Leuchtgas. 

J,  prakt.  Chem.  101  (1867),  271;  Chem.  Cenlrbl.  1868, 100.  Pt. 

1867:  20.    W.  Artus.     Anwendung  des  feinzertheilten  Platinfi  in  der 

Sehnellessigfabrication,  Pt 

Poljt  J.  (Dingkr),  186  (1867),  158:  Tierteljsch.  fiir  teelin.  Chem.; 

Chem.  CentrbL  186S.  272;  Chera.  tech.  Mitth.  (Eisner),  17  (1867- 

f  68)»  171. 

1868:  1.     R.   W.  Bunsen.    Ueber  das  Bhodium.      (Darstellimg,  AJ>- 

scheidung,  Verarbeitung  des  Platinriickstandes,) 

Rh,  Pt,  Pd,  Ir.  08.  Ru. 
Ann.  Chem.  (Liebig).  146  (1868),  265;  Bui,  soc,  chim.  [2],  11  (1869). 
mS]  Chem,  Centrbl,  1868,  881;  Chem.  News,  21  (1870),  39;  PhU. 
Mag-.  (4].  3G  (1868),  253;  J.  Frank.  Inst.  [3],  58  (1869),  393:  J, 
prakt,  Chem,  105  (1868),  350;  Ztsch.  Chem.  12  (1869),  3;  Jsb. 
Chem.  1868,  280. 

1868:  2.    H.  KlMMERER,     Ueber  CSilorjodplatm,  VL 

Ann.  Chem.   (Uehig),   148    (1868),  329;   Bui.   soc,   chim.    [2],  11 

(1869).  411;  Jsb.  Chem,  1868.  272;  J.  prakt.  Chem.  106  (1869),  250. 

1868:  3,     C.  Diakoxow.     Ueber  Platincyanverbindnngen  der  ESweis*- 
korper,  Pt^ 

Med.  Chem.  Untersuch.   (Hoppe-Seyler),  1   (1866-71),  228;  Ztscb. 
Chem,  11  (1868),  67;  But  soe.  chim.  [2],  10  (1368),  58. 

^868:  4.     W,  Skey,     On  the  formation  of  double  sulphocyanides  of  cei^ 
tain  of  the  alkaloids.     (Morphin  thiocyanate,  &c.)  Pi- 

Chem.  News,  17  (1868),  184;  J.  prakt.  Chem.  105  (1868),  420. 

1868:  5.     V.  Marcako.     Sobre  un  nuevo  gulfocianato  de  platina. 

Varg^asia  (Caracas),  1  (1868),  176;  BnL  soc.  chim,  [2],  33  llS90% 
350;  Ber,  13  (1880),  925;  Chem.  Centrbl.  1880,  277;  Jsht  Chtm. 

1880,  403. 
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8.    P.  ScHtrrzENBEBOER,     Sur  qtielques  reactions  donnant  lieu  k 

U  production  de  I'oxychlorure  de  carbone,  et  sur  im  nonveau 

compoB^  volatil  de  platme,     (Platinum  carboDylchlorid.)  Pt. 

a  E.  ft6  (1868),  666,  747;  BuL  soc,  chim.  [2],  10  (1868),  188;  Ann. 

chim.  pbys.  [4].  15  (1868),  100;  Chem.  C^ntrbl.  1869,  623;  Amer. 

J,  Set    [2].  47   (1B69),  423;  J.  de  pbarm.    [4],  9    (1869),  218;  J. 

.pmkt.  Chem.  107  (1869),  122,  126;  Phil,  Mag.  [4],  35  (1868)»  452; 

'Zt&eh.  Chem.  11  (1868),  321,  382;  Jsb.  Chem.  1868.  174,  277;  Chem. 

Xews,  17  (1868),  191. 

7.  F,  W(5hler.  Ueber  das  Verhalten  einiger  Metalle  im  electri- 
icben  Strorae,  (Oxydirbarkeit  des  Palladiiims,  des  Osmiums,  dea 
Butheniums  und  des  Osmiriditims.)  Pd,  Os,  Ru,  Ir. 

Nachr.  Qesel.  Wibb.  GottiDgen.  1868,  169;  Ann.  Chem.  (Liebig), 
146  (1868),  375:  Bui.  soc.  chim.  [2),  10  (1868),  362;  Chem.  CentrbL 
1669,  889;  Ztfich.  Chem.  11  (1868),  385;  Jsb.  Chem.  1868,  192. 

8.  H.  TopsoE.  KTystallografigk-kemisk  TJDdersagelse  over  Plat- 
rnets  dobbelthaloTdsalte.  (Double  chlorids  and  bromida  and  iodids 
of  plitinum.)  Pt. 

Oferttgrt.  Danske  Vid.  Selsk.  Forh.  1866,  123;  1869,  74;  R^snmg 
Bui.  HOC.  roy.  Danake,  X868,  3;  1869,  19;  N.  arcb.  bc!.  ph.  nat.  35 
(1869),  58;  3S  (1870),  297;  Jsb.  Chem.  1868,  273;  1870,  388;  Cbem. 
Centrbl.  1870,  683. 

9.  H.  Topg^^iE.  (Feber  die  Hydrate  der  Platinsaure  und  das 
pUtinsaure  Barium.)  Pt. 

Tidak.  Phys.  Chem.  7  (1868),  321;  Bcr.  3  (18T0),  462;  Bui.  soc.  chim. 
[2],  14  (1870),  207;  Chem.  Centrbl.  1870,  424;  Ztech.  Chem.  13 
(1870),  652;  Jsb,  Chem.  1870,  386;  Chem,  News,  22  (1870),  47; 
Amcr.  Chemist,  1  (1870),  116. 

10.  T.  Graham.  On  the  occlusion  of  hydrogen  by  metale  (palla- 
dium and  platinum),  Pd,  Pt. 

Proc,  Roy.  Soc.  London,  16  (1868),  422:  Chem.  News,  18  (1868).  55; 
Ann.  ehlm.  phya.   [4],  14  (1868),  315;  15  (186g).  501;  Phil.  Mni^'. 
[4],  36  (1868),  63;  Ann.  Chem.  (Liebig),  6  (1868),  284;  Ann.  der 
?hyik  (Pogg.),  134  (1868),  321;  Ann.  dea  Mines  [7],  1  (1872).  133; 
er.  J.  Sci.   (2),  47   (1869),  417;  Ber.  2   (1869),  382;  BuL   soc. 
^Im.    [2J.   11    (1669),  409;  rinstitut,   35    (1868),   194;   J.   prakt. 
beiD,  105  (1S68),  293;  C.  R.  66  (1808).  1014;  N.  arch.  sci.  phys, 
nat.   32   (1868),   148;   Polyt.  J.    (Dingier).  191   (1869),  210,  251; 
Vierteljschr.   fur   Pharm.   18    (1869),  449;   Atheneum,  Jan.  16 
(1869):  Les  Mondes,  19  (1869),  126. 

rH    J*  Chalmers  and  B,  R.  Tatlock.    On  the  estimation  of 
pfpf-r-  -       (Purification  of  platinum  residues.)  Pt. 

*htl.  Soc.  (IUfl(2row.  6  (isr.«i).  390;  chem.  News,  17  (1868),  199. 
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1868:  12.     VoGEL,     Verwendung  durchlocherter  Platintiegel  i*t. 

N.  Rep.  fur  Pharm.  17  (1868),  275;  Ztsch.  anal.  Chem,  S  (i^oj). 
449. 

1868:  13.  D.  FoBBES.  Glass  and  platinum  forceps  for  manipulating  in 
acid  and  other  eolations.  Pt. 

Chem.  NeWB,  18  (1868),  155. 

1868:  14.     J.  B,  A.  Bode.     Platiniren  von  Metallen.  Pt 

Deutfich,  Indust.  Ztg,  9  (1868)»  Na  9;  Chem.  tech.  mttli.  (Ela- 
ner)»  17  (1867-68),  172. 

1868;  15.  G.  F.  C.  Frictk.  Ueber  die  Verwendung  des  Iridiums  xa 
Porzellanfarben.  Ir. 

Polyt.  Notizbl,  ;  Polyt.  J.  (Dingier).  lU  (1869),  163;  Chem. 

News,  20  (1869),  286» 

1868:  16.  G.  Quincke.  Ueber  die  Capillaritats-Constanten  fester  Kor- 
per  und  geschmolzener  Korper.  (Capillaritats-Coefficient  des 
Platins  und  des  Palladiums.)  Pt,  Pd. 

Monatsber.  Akad.  Berlin,  1868,  132,  350;  Ann.  der  Phjs,  (Po|r^J, 
Ui  (1868),  356;  135  (18G8).  621;  Ann.  chiin.  phys.  [4],  15  (1868), 
504;  16  (1869),  502;  N.  arch.  scL  phjs.  nat.  32  (1868),  228:  Phll^ 
Mag.  (4],  36  (1868),  267;  Jab.  Chem.  1868,  17,  20. 

1868:  17,  K.  Thalen.  Memoire  snr  la  dfitermination  des  longet 
d'onde  des  raies  metalliqiies.  (Platinum,  p.  30,  and  Ann,  chir 
phys.  18  :  23?;  paDadium,  237;  osmium^  243.)  Pt,  Pd,  0^. 

Nova.  Acta.  Upsala   (3],  6   (1868),  9;  Ann.  chim.  phya.    [4J,  li 
(1869),  203;  Repert.  fiir  phys.  Technik,  6  (1870),  27. 

1869;  1.     .     Discovery  of  platinum  in  Scotland.  Pt-_ 

Chem.  News,  19  (1869),  154,  from  **  Mining  JournaL** 

1869:  2-  [F.  W5hler.]  Vorkommen  des  Laurita  im  Platinera  ?oa 
Oregon.  Os,  Bu. 

Nachr.  Geeel.  Wiss.  Gottingen,  1869,  327;  Ann.  Chem.   (Liebigl, 
151  (1869),  374;  Ztsch.  gesammt.  Katnrw.  35  (1870),  231. 

1869:  3.     W.  M.  Watts.     On  the  atomic  weights  of  gold,  platinu 
iridium,  osmium,  rhodium  and  palladium.  Pt,  Pd,  Ir,  Os,  I 

Chem,  News,  19  (1869),  302;  Ztach.  anaL  Chem.  9  (1370),  1$5, 

1869:  4.  T.  Grahak,  On  the  relation  of  hydrogen  to  palladium.  Pd, 
Proc.  Roy.  Soc,  London,  17  (1869),  212;  Chem.  News.  19  (1869).  52: 
Ann.  Chem.  (Liebig),  150  (1869),  353;  Ann,  chim.  phys.  [4],  16 
(1869),  188;  Ann.  der  Phys.  (Pogg.),  136  (1869).  317;  C.  R. 
(1869),  101;  Chem.  Centrbl.  1869,  719;  J.  Chem.  Soc.  2?  ii^m^ 
419;  J.  Frank.  Inst.  [3],  57  (1809).  256;  J.  prakt.  ( 
(1869),  426;  Phil,  Mag.  [4],  37  (1869),  122;  Polyt  J.  • 
194  (1869),  133;  Beyista.  Miners.  20  (1869).  129, 
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1869;  5.  T.  Graham*  Additional  observations  on  hydrogeniura,  Pd, 
PrcM*,  Roy,  Soc,  London,  17  (186!i),  500;  Ann,  Chem.  (Lieblg),  152 
(1H69).  108;  Ann.  t'him»  phys,  [4]»  10  (1869),  188;  Ann.  der  Phys. 
iVogg*).  138  (1869),  49;  Chem.  News,  20  (1809),  16;  C,  R.  68 
(18(iy),  1511:  J.  de  pharm.  [4],  10  (186!)),  168;  PhiL  Mag.  [4],  38 
(1869).  459:  Polyt.  J-  (Dingier).  104  (1809).  133,  382, 

1869:  6.  C.  A.  Wurtz.  Note  sur  la  preparation  d*iin  hydrure  de  palla- 
dium. Pd* 

C.  R,  68  (1869),  111. 

1860:  7,     R.  B<:)TTO£R,     PalladiumwasserptofT.  Pd. 

Ber.  2  (186i>)»  609;  from  43.  VersammL  deutsch.  Naturf.  u.  Aerate. 

1869:  8.  W.  C.  Roberts.  Note  on  the  experiniental  illustration  of  the 
expansion  of  palladium  attending  the  formation  of  its  alloy  with 
hydrogenium.  Pd, 

Phil,  Mag,  (4],  38  (mm),  51:  Ann.  chira,  pbys.  [4],  IS  (1869),  381: 
Ber,  2  (1869),  287;  Student  and  Intel,  Obs,  3  (1669),  311;  Jsb. 
Chem.  1869,  298. 

1869:  9,  J,  Dewar.  On  the  motion  of  a  palladium  plate  dunns:  the 
formation  of  Gralmm^s  hydrogenium.  Pd. 

Proo,  Roy,  Soc.  Edinb,  6  (1869)*  504;  Phil,  Mag.  [4],  37  (1869),  424; 
jHb,  Chem.  1869,  297. 

1869:  10.  A.  W,  Hofmakn.  [Account  of  a  palladium  hydrogen  medal 
given  by  Graham  to  Magnus.]  Pd. 

Ber.  2  (1869),  476;  Polyt,  J,  (Dingier).  194  (1869),  355. 

1869:  11.  IT,  Topsoj-:.  Kr^^stallografisk-kemiske  undersogeker  over 
dohbelthaloTdsaltene.     (Double  chIorid.s  of  palladium.)  Pd, 

Ovensigt.  Danske  Vid.  Selsk.  Forh'  1869,  246;  R^sum^  bul.  soc. 
roy,  Dansike,  1869,  34;  K.  arch.  scL  phys.  nat.  38  (1870),  374: 
Chem.  Centrbl.  1870.  684;  Jsb*  Chem.  1870,  393, 

18^9:  12.  K,  BiRNBAUM.  ITeber  die  Einwirkung  der  schwofiigen  Saure 
auf  Platinchlorid.  Pt. 

Ann.  Chem.  (Liebig).  152  (1869),  137;  159  (1871).  116;  Chem.  News, 
20  (1869).  189,  322;  24  (1871),  109;  Chem.  Centrbl.  1871,  632;  Bul. 
soc.  chim,  t*^].  13  (1870),  139;  16  (1871),  82;  J.  Chem.  Soc.  24 
(1871),  891;  Ztsch.  Chem,  12  (1869).  504;  Jab.  Chem.  1869,  293; 
1R71»  347;  Gaz,  chim,  1  (1871),  602, 

1869:  13.  R.  Schneider.  Ueber  eine  neue  Reihe  krystallisirter  Platin- 
veTbindungen.    (Oxygulfid  of  platinuni  and  tin.)  Pt. 

Ann.  der  Phy«,  (PoggO*  1^^<5  (1869),  105;  Chem.  Centrbl,  1S70,  100; 
Bul.  soc.  clilm.  [2],  12  (186S>)»  243;  Amer.  J.  Sci.  12],  49  (1S70). 
109;  Chem.  News,  19  (1860).  179;  Ztsch.  Chem,  12  (1869).  513; 
Jsb,  Chem.  1869.  296. 
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1869:  14:,  R,  Schneider.  ITeber  iieue  Schwefelsake.  (Platinum  thit> 
cyanate,  double  sulfids  of  platinum  and  palladium^  oxid  of  palla- 
diim.)  Pt,  Pd. 

Ann*  der  Phys.  (Pogg.).  136  (1869).  460;  138  (1869),  2^9,  e<M:  139 
(1870),  661;  141  (1870),  519;  Bui.  soc.  chim.  [2],  lA  (1870),  20S; 
J,  prakt  Cheni,  108  (18(19),  22;  [2],  2  (1870),  141;  3  (1871)*  103; 
Chem.  Centrbl.  1870,  102,  572;  Ztsch.  Chem.  13  (1870),  47«:  J. 
Chem.  Soc?.  24  (1871),  313;  Gaz,  chim.  1  US71),  36G;  Jsb.  Chem. 
1870,  220,  231,  391. 

1869:  15.  P.  Weselsky.  TJeber  elnige  Doppelcyanverbindungen. 
(New  method  of  forming.)  Pt,  Pd, 

I  Ber,  2   (1869),  568;  Sitzber.  Akad.  Wien,  60.  li   (1870),  261;  BuL 

.soc.  chim.  [2],  n  (1870),  336;  Ztsch.  Chem*  31  (1871),  16;  J»b. 
I  riiem.  1860,  313. 

JH|B9:  10.     J.  Thomsen.     Ueber  eine  neue  den  Platinbasen  angehorige 
Gruppe  von  Doppolchloriden.     (Platinum  ammonium  bases.)    Pt, 

Ber.  2  (1869),  668;  Bill.  soc.  chim.  [2],  13  (1870),  603;  Ch^m. 
Centrbl.  1869,  1034;  Jab.  Chem.  1869,  292. 

1869:  17.  C.  W.  Blomstraxik.  Zur  Kenntniss  der  gepaarten  Verbin- 
dungen  des  fiinfatomigen  Stickstoffes.  (Cyanplatin  Verhindungi^n 
and  Platinammonium  Basen.)  Pt, 

Oefversigt.  Akad.  Forh.  Stockholm,  26  (1870),  201;  J.  prakl,  Chem. 
[2],  3  (1B71),  186;  Chem.  Centrbl.  1871,  800;  Jsb.  Chem,  1871,  346. 

1869;  18.  C.  W.  Blomstrand.  Zur  Kenntniss  der  gepaarten  Verbin- 
dungen  der  anorganischen  Chemie.  (Platinum  double  ey&nids, 
thiocyanateB,  and  nitrites.)  Pt- 

Ber.  2  (1809),  202;  B\il,  eoc.  chim.  [2],  13  (1870),  144;  Ztsch.  Cheiti. 
12  (1869),  439;  Amer,  J.  Sci.  [2],  49  (1869),  110. 

1869:  19.'  C.  Scheibleb.  Zur  Analyse  der  Gold-  imd  Pktinsalw 
organise  her  Basen.  Pt. 

Ber.  2  (1869),  295;  BuL  Boc.  chim.  [2],  13  aS70),  4R:  Ztsch.  .tnnK 
Chem,  9  (1870),  272. 

1869;  20.  P.  Owsjaxnikow.  TJeber  die  Einwirkung  der  OsmiamKi- 
verbindung  Fremy^s  auf  thierifiche  Gewebe.  O--- 

Bill.  Acad.  Sci.  St.  Petersb.  13  (1860),  466;  J.  pr&kt.  Chera.  HW 
(186D),  186;  Chem.  News,  21  (1870).  132. 

1869:  21.  W.  Skey.  On  the  fusibility  of  platinum  in  the  bloH^jip** 
flame.  Pt, 

Trans.  New  Zealand  Inst.  2  (1869),  155;  Chem.  News,  22  (16T6f. 
266;  Chem,  CentrbL  1871,  87;  Polyt.  J.  (Dingier),  199  (1571),  42«; 
Jsb.  Chem.  1870,  380;  Amer.  Chemist,  I  (1871),  314> 
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IL  BoTi'QEB.     Die  Erzeiigimg  von  glanzeeden   Platiniib^r- 
ffigen  auf  Glas,  Porcellan,  u.  s.  w.  Pt. 

J.  prakt.  Chem,  107  (1869),  43;  Ber.  2  (1«60).  612:  from  43.  Ver* 
6&ix)mL  deutach,  Naturf,  u.  Aerzte;  J.  Frank.  Inst*  [3],  5» 
(1870).  MO;  Chem.  News,  20  (1S69),  58;  Poljrt.  NotizbL  24  (1861>), 
Na.  10;  I'olyl,  J.  (Dingier),  198  (1870).  475;  Deutsch.  Indast. 
Zlg,  10  (18C9)*  No.  25. 

.     Platinizing  fliiid  (for  plating  copper,  &c.).  Pt. 


[24. 


Quart.  J,  Sci,  6  (18G9).  428, 

-.    Platiniren.  Pt. 

Scicnt.  Amer. ;  Deutsch,  Gewerb.  Ztg»  35  (1870)|  No*  7;  Cbem* 

tech.  Mitth.  (Elener),  19  (1869-70),  156. 


•  t5.    A.  W.  HOFMAK^K.     Beitrage  zur  Kenntniss  dea  Methylalde- 
hjde^.    (Fonnation  of  platinum  mirror  by  methyl  aJcohoL)    Pt. 

IMotiittsber  Akad,  Berlin.  1809,  362;  J.  prakt  Chem.  107  (1869)» 
414:  Ber.  2  (1869),  152;  Zt«ch.  Chem.  12  (IftrtO).  375. 


i 


16.    M*  Beihanx.    Indelible  ink  for  marking  linen,     (Use  of 
platinum  chlorid  for  purple  ink.)  Pt. 

Scient,  Amer.  21  (1S69).  102;  Polyt.  J,  (Dingier).  195  (1S70).  285; 
l>r«tseh.  illust.  Gewerbeztg.  18C0.  313;  Jab.  Chem.  1870.  1204. 


47.    A.  H-  L.  FiZEAU.    Tableau  des  dilations  par  la  chaleur  de 
dtrers  corps  simples  m^talliques,  &c.  Pt,  Pd,  Ir,  Oa,  Rh,  Bu. 

IC,  R.  fi&  (1S09).  1125;  Ann.  dcr  Phys.  (Pogg.),  138  (1869).  26;  Les 
I  JbTondes.  20  (1869),  139;  Jsb.  Chem.  1869.  85. 

'■ 
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[28.     W.  GiBBS.     On  the  wave  lengths  of  the  spectral  lines  of  the 
I  i»Iements.  Pt,  Pd.  Oe. 

Aiaer.  J.  8d.  [2].  47  (1869),  194. 


R.  BOTTOER.  Ueber  das  Auftreten  activen  Wagserstoffgaaea 
bei  der  Elektrolyee  angesauerten  Waeeers  mittekt  eines  als 
Kathode  dienenden  PalladiumWechs.  Pd. 


^     *  -M,   Chem.    107    (1969),   41;    Ztseh.   gesammt,    Natiirw,    33 
i,  378. 

A.  Tox  Obermayee.     Experimentelle  Bestiramung  des  Lei- 
tandej^  in  PIntin-BIechen.  Pt. 

Akad.  Wico,  60.  ii  (1869),  245. 

12.    J.  M.  GAroAix.    8ur  les  forces  ilcctromotricea  que  1©  platine 
[d^reloppe  loraquH  est  mi^  en  contact  arec  diters  liquidet.        Pt. 

Xewa,   20    (1869).  $2V,   llnat.   37 
147. 
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1869:  33.     E.  Villahl     Sulk  forza  elettro-motrice  del  palladjo  nell« 
pile  a  gas.  Pd. 

Rend  icon ti  Inst.  Lombard,  [2],  2  (1869),  iQS.'i:  Ann.  der  Phrn. 
(Pog-g.),  151  (1874),  608;  J.  Chsm.  Soc.  28  (1875),  123. 

1869;  34.    J,  C.  Poogendorff,    XJeber  das  galvanische  Verhalten  des 
PalladiumB.  Pd. 

Moimtaber.  Akad.  Berlin,  1869,  116;  Ann.  der  Phys.  (Pore*)*  1^ 
(1869),  483;  J.  prakt.  Chem,  108  (1860),  2:i2;  Ann.  chim.  phys. 
[4]»  17  (ISmJ),  505:  Ben  2  (I860),  74;  BuL  aoc.  chim.  [2],  12 
(18fi9),  2341  Phil.  MHg.  [4],  37  (1869),  474;  Polyt,  .L  (Dingier). 
192  (1869),  42G;  Ztach.  Chem.  12  (1869).  348;  Jsb.  Cbem.  1869.  2tt«* 

1870;  1.    A.  K  NoRDENSKJOLD.    Platin  in  Lappland*  Pt. 

Ann.  der  Phys,  (Poggf.).  140  (1870),  336;  Arch,  der  Pharm.  [2], 
144  (1870),  183;  Chem.  Centrbl,  1870,  487;  Chem,  News,  22  (1870). 
96;  Polyt.  J.  (Dingier),  197  (1870),  289;  Jab.  Chem.  1870.  1270; 
Amer.  Chemist,  1  (1870),  157. 

1870:  2.     P.  A.  Favhe*     Recherehefi  therroiques  sur  le  caractere  metal- 

liqiie  de  rhydrog^nt?  aseocie  an  palladium.  Pd, 

C.  R.  71  (1870),  214;  Jsb.  Chetn,  1870,  150;  J.  Frank.  Inst.  [3|.  SV 

(1870),  352;  Chem.  Xews,  19  (1869),  299;  Quart.  J.  ScL  7  (lA' 

105. 
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1870:  3.     S.  A.  Nortox.     Ueber  ein  neues  Chlorplatin.     (With  five 

molecules  of  water.)  Pt 

J.  prakt.  Chem.  [2],  2  (1870).  469;  Amer.  J.  ScL  [3].  1  (18T1),  3TI; 

Bui.  800.  chim.   [2],  15  (1871),   61;  Chem.  News,  23   (1871),  W; 

Jsb.  Chem.  1870,  388. 

1870:  4.     J.  Thomsex,     Ueber  Berylliiimplatmchlorid,  Pt. 

Ber.  3  (1870),  827;  Bnl.  soc.  chim.  [2],  15  (1871),  .'iO:  Cbem.  Xew«» 
22  (1870),  263;  J.  Chem.  Soc,  24  (1871),  202;  Gax.  Chim.  1  (1*71). 
266;  Zt«eh.  Chem.  14  (1871),  45;  Amer.  CliemUt,  1  (1871),  268. 

1870:  5.    A.  Cahours  and  H.  Gal.     Becherches  sur  de  nouveaui  d^ 
riv^s  platin iques  des  bases  phosphoreee.  PL 

C.  R.  70  (1870),  897;  Ann.  Chem,  (Liebi^).  155  (1870),  223;  Ben  3 
(1870),  501;  Bill.  soc.  chim.  [2],  14  (1870),  386;  Chem.  Centrbl 
1870,  321:  rinHtitut,  38  (1870),  129;  J.  prakt.  Chem.  [2].  2  (1S70). 
213;  Ztsch.  Chem-  13  (1870),  349;  Jsb,  Chem.  1870,  808;  J.  de 
PAnat,  (Robin),  7  (1871),  396;  Amer.  Chemist.  1  (1870),  27. 

1870:  6.    A,  Cahours  and  H.  Gal.    Recherches  sur  de  nouveaux  de- 
rives de  la  tri^thylphosphine,  Pt 
C,  R,  70   (1870),  1380;  Ann.  Chem.  (Uebigf),  155  (1870),  3:^5:  B<rr. 
3  (1870),  800;  Bui.  soe.  chim.  [2],  14  (1870),  386;  Chem.  Centrbl. 
1870.  451;  rinstitnt,  38  (1870).  HO;  J.  prakt.  Chem.  (2],  2  (l«79K 
213;  Ztsch.  Chem.  13  (1870).  349;  Jsb.  Chem.  1870,  ^08. 
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1 7,  A.  Camours  and  H.  Gal.  Recherches  relatives  k  raction  des 
dilorarei  de  platincs  de  palladium  et  d'or  eur  les  phosphines  et  les 
am0o&  Ft,  Pd, 

C-  B-  71  (1S70),  208;  Ann.  Chem.  (Liebig),  156  (1B70),  302;  Buh  soc. 

ehim,  [2].  14  (1870).  387;  Chem.  Centrbl.  1870,  500;  Chem.  News. 

22   <1870).  58;   Amer.  J.   Sci.    [2],   50   (1870)»   415:  llnstitut.  38 

^(1870y.  212,  250;  J.  prakt.  Chem.  [2],  2  (1870),  4G0;  Ztsch.  Chem. 

S3  (1870),  6<i2;  Jab.  Chem,  1870,  812;  Amer.  Cliemist,  1  (1870),  147. 

[8.     H,  KoLBB*     Ueber  die  chemigche  Constitution  obiger  [von 

Cahours    und    Ual]    dargestellter    Phosphorplatinverbindujigen. 

(Al^  considers  platiniiiii  amnionimn  bases.)  Pt. 

J.  pnikt,  Chrm.  [2],  2  (1870),  217;  Chem,  Centrbl.  1870,  661;  Jsb. 

Chein.  1870»  813.  * 

J9,     P,    ScHi>rzBNDEROEii.     Recbcrclies    sur   le    platine.     Conibi- 

Dftiaona  de  sous  chlorure  de  platine  avec  Toxj^d  de  cbarbon  et  tri- 

dilorure  de  phosphore,    (Compounds  of  platinum  bichlorid  with 

^l  chlorid,  and  with  phosphorus  trichlorid,  and  of  platinum- 

lorid  ^th  alcohol)  Pt. 

a  B-  70  (1870).  1134,  1287,  1414;  71  (1870),  69;  Ann.  chim.  pbys. 

(!].  21  (1«70),  350;  Bui.  sac.  ehim.  [2],  13  (1870),  483;  14  (1870), 

17,  97,  178;  Ber.  .1  (JH70),  505,  574,  678;  Chem.  Centrbl.  1870,  387, 

438,  456;  Chem.  News,  21   (1870),  2l>2,  298:  122  (1870),  107;  Ann- 

Clicm.  (Llebig),  Suppl.  h<h  H  (1872),  242;  rinutitut,  38  (1870), 

171;  J.  prnkt.  Chem.  |2),  4  (1871),  159:  Ztaeh.  Chem.  13  (1870). 

171,  408;  Amer,  J.  Sci.  [2J,  50  (1870).  144,  414,  415;  Jsb.  Chem. 

1870,   381,  382.  384,   388;  J.  Chem.  8oc.  24   (1871),   1001*;   Amer. 

Chemist,  I  (1870),  68,  150. 

1 10*  E.  Fbkmy.  Recherches  sur  Tacide  azoteux.  (Reduction  of 
potassium  osmate  to  osmite  by  nitroim  acid.)  Os. 

C.  R.  70  (1H70),  r»l;  Chem.  CentrbL  1870,  108;  J.  de  Pharm.  11 
(1870),  193. 

[IL     P.  T.  Clevk.     Om  nagra  isomera  Platinabaser.  Pt 

OeUten^lgt.  Akad.  Forh.  Stockholm.  27  (1870).  777. 

[12.  P.  T.  Cleve.  Om  Platina-baser,  hvilka  inneholla  organiska 
mdikaler.     (Anilin  ba§c6,  &c.)  Pt, 

Oelversi^t.  Akjid.  Forh.  Stockholm,  27  (1870),  883. 

18.  C,  GORDOX.  Zur  Ge&chichte  dor  Platinbasen,  Pt, 
b  Bcr.  3  (1870).  17 1 ;  HuL  soc.  chim.  [2]^  13  (1870),  518;  Chem. 
^^^       CentrbL  1870,  197;  Ztscli,  Cliem,  13  (1H70),  518;  Jab.  Chem.  1870, 

He    C. 
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C.  W.  Blomstkaxd.     Om  isomera  Platina^baser.  Pt 

Ocfveraijft.  Akad.  Forh,  Storkholm.  27    n<7(iL  7;m», 
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1870:  15.    S.  E.  Phillips.     On  the  platin-anunonia  compounds.       Pi. 

Chem.  News.  22  {1870),  49;  Jsb,  Chem.  1870,  391. 

1870:  16.     W.  Odling.     On  the  ammouia  compounds  of  platinum.    Pt 
Proc.  Roy.  last.  G  (1872),  176;  Chem.  News.  21    (1870),  269.  iS^; 
Ber.  3  (1870).  682;  Ztsch.  Chem.  13  (1870),  435;  Jsb.  Chem.  U70, 
389. 

"1870;  17.     H.  Topsofi,     Ueber  einige  Methoden  zur  Bestinrniong  de§ 
Clilors,  des  Broms,  und  des  lods  in  Direr  Yerbindnngen  mit  Platio. 

Pt. 
Ztaeh.  anaL  Chem.  9  (1870),  30;  BuL  soc,  chim,  [2],  14  (1870).  46, 

1870:  18,    E.  Johannsen.     Ueber  das  Verhalten  des   Platinchloridi 

gegen  Kalk*  imd  Barytwasser.  Pt 

Ann.  Chem.  (Liebig-).  155  (1870).  204;  BuL  »oc.  chltn.  [«].  15  (1871), 

58;  Chem.  Centrbl.  1870.  580;  Chem.  News,  23  (1870),  175;  Gat 

chlm.  2  (1872),  44;  Ztech.  Chem.  13  (1870),  683;  Jsb.  Chem.  1870. 

386. 

1870:  19.    K.  Preiss*    TJeber  qiiantitatiYe  Bestimmung  der  Doppel* 
cyanide.     (By  heating  with  oxalic  acid.)  Pt. 

Sitzber.  bohm.  Gesell.  1870.  ii,  79. 

ll870:  20.     [M.  G,  Farmer.]     Posing  iridoamine.  Ij,0«. 

Amer.  Chem.  1  (1870),  37;  Chem.  News,  22  (1870),  225;  Quart.  J. 

ScL  8  (1B71),  115, 

1870:  21.    H.   Sainte-Claire  Deville.     [Fnsion  of  platinum   with 

spirting.]  Pt 

C.  H.  70  (1870),  256,  287;  Chem.  News,  21  (1870),  94;  Quart.  J.  Sd. 

7  (1870),  287. 

1870;  22.    C.  Chojkacki.    TJeber  die  Verbindnngen  des  Aethylens  mit 

Eisen-  nod  Platinbromiir.  Pt. 

ZtBch.  Chem.  13  (1870),  419;  But  soc.  chim.  (2],  15  (1871),  68. 

1870:  23.    F.  Stolba.    Ueber  die  Gewichtsabnahme  der  Platintiegel 

bei  andanemder  Gliihhitze.     (And  use  of  sea  sand  for  cleaning 

platinum  crucibles.)  Pt 

Abh.  bohm,  Geselt   [6],  4    (1870),  4,  5:  Polyt.  J,    (Dingier).  191 

(1870)»  177;  Chem.  CentrbL   1870,  737;  Chem.  News,  22   (1870), 

275;  ¥o}yi,  Notiz.  25  (1870),  365;  Ztsch.  anat  Chem.  10  (1871), 

333;  Jsb.  Chem.  1870.  923. 

1870:  24.    A.  Bauer,    Ueber  eine  Legirung  des  Bleis  mit  Platin.      Pt- 

Sitzber.  Akart  Wien.  62,  ii  (1870),  46;  Ber.  3  (1870),  830;  Polrt.  J. 
(Dingier).  198  (1870).  218;  But  soe.  chim.  [2J,  15  (ISrt),  4fl; 
Chem.  Centrbt  1670.  691;  Chem.  News.  22  (1870),  263;  Gai.  ehfm. 
1  (1871),  226:  J.  Chem.  Soc.  24  (1871).  202;  Zt«^.  Chem.  !• 
(1871),  55;  Jab.  Chem.  1870,  380;  Amer,  Chemist,  1  (1971).  268. 
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A*  Dbbcloiseacx.    Note  sur  la  forme  crisallines  et  le&  pro- 

§tes  optiques  d'une  combxnaisoD  de  jirotoeiilonire  de  platine  et 

'  tiiithylphosphiDe  analogue  au  sel  de  Magnus.  PL 

C,  R,  70  (1870),  970. 

1  *6.    .     Platinapparat  fur  Goldprobeu  von  Johnson, 

Matthey  &  Co.,  in  London.  Pt, 

Berg  und  Biitten  Zt^.  20  (1870),  325. 

$7.    A.  JotroLET,    Sur  la  fabrication  des  glaees  et  miroirs  plat- 
inise    (By  use  of  essence  of  lavender*)  Pt, 
IC  K-  70  (1870),  52:  Ber.  3  (1870),  37;  Bui.  »oc.  chim.  [2],  13  (1870), 
477;  Chem.   CentrbK   X870,  S6;  Polyt.  J,   (Dingier),   105   (1S70), 
H         «M;  Quart.  J.  Sci,  7  ri870).  2C2;  Deutech.  Gewerk  Ztg,  25  (11*70), 
H        Xo.  14;  Chem.  tech.  Mitth.  (Eisner),  19  (18C9-70).  175;  Gcwerb- 
r            bt.  au»  Wiirtembg.  1870,  No.  16. 
t6.     H-  ScHWAHZ.     Ueber  Glanzgold,  Glauzptatin,  und  die  Liis- 
tcrfarben.                                                                                    Pt. 
I'alyl.   J.    (Diiiifler),   197    (1870),   243;   Chem.   Centrbl.   1870,   655; 
FolyU  CentrbL  M  (1S70),  1617;  Jsb.  Chem.  1870,  1157. 
5$»-    J.  ScHOiUB.     Ueber  eigenthiimllche  Farbenerscheinungen 
gewis«cr  Platincyan-Metalle.                                                          Pt- 
Ber.  3  (1S70),  X3. 

ISO,    L.  SCHONN.    Zur  Passivitat  des  Eisens  und  zur  Elektrolyae. 
(Iron  mftde  pa«Te  by  platinum  wire.)  Pt. 

Ann.  der  Phys.  (Pog^.),  Ergausc  bd.  5  (1871),  310;  Jsb.  Chem. 
1871.  124. 
81.    Scmsz.    (Platinum  light.)  Pt. 

Contios,  rev.  cncycL  (IS70),  Jan.  8;  Chem.  Xews,  21  (ISTU).  35. 
3S.    J.  TnOMSEK.     Thermoohemiske  TJnteredgelser  (Chlorplatln- 
aiitre,  p.  213.)  Pt. 

ADn.  der  Phya.  (Pogg.),  139  (1870),  193;  140  (1870),  534,  532;  Ber. 
H  (1676),  163;  Jsb.  Chem.  1S70,  118,  122;  Skrlfte  Danske  Selsk. 
m,  a  (1670),  a69;  9  (1873).  265. 

K.    BrxsKK.    t-alorimetriachc    Untereiichungen.     (Specific 

t  of  ruthenium,  p*  27.)  Ru. 

Ann.  drr  Phys.  (Pogg.).  141  (1S70),  1:  Ann,  chim.  phys.  [^1*  ^ 

(1871),  68;  Gax.  ehira.  1  (1871),  61;  fi.  arch.  sci.  phys.  nat.  40 

(1871),  25;  Ztach.  anai.  Chem.   10  (1871),  ^57;  Ztach.  Chem.  14 

(ISCl),  8:  Jab.  Chem.  1870,  83. 

f3l.     W.  SrET.     Absorption  of  sulphur  by  gold,  and  its  effects  in 

letarding  amalgamation.    (Action  of  hydrogen  sulfid  on  plati- 

j  num.)  P^ 

TrariA.  Xew  Zealand  Insl.  3  (1870).  216;  Chem.  New*.  22  flB70^, 
2^;  Jsb.  Oiem.  IftTO,  1071. 
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1870:  35.    W.  Skey.     On  the  absorptive  properties  of  platinum.      Pt. 
Trans.  New  Zealand  Inst.  3  (1870),  221. 

1870:  36.  W.  Skey.  On  the  capability  of  certain  sulphides  to  fonn  the 
negative  pole  of  a  galvanic  circuit  or  battery.  PL 

Trans.  New  Zealand  Inst.  3  (187U),  225;  Cbem.  New*8,  23  (1S71)» 

291. 

1870:  37*  W.  Skey.  On  the  reduction  of  certain  metaUi  from  th«ir 
solution  by  metallic  sulphides  and  the  relation  of  this  to  the  octnif- 
rence  of  such  metals  in  a  native  state.  Pt. 

Trans,  New  Zeuland  Inst.  3  (187Q),  225;  Chem.  News,  23  (l$71K 

232;  Chem.  Centrbl.  1871,  374, 

1870:  38.  W.  Skey.  On  the  electro-motive  power  of  metallic  sul- 
phides. Pt. 

Trans.  New  Zealand  Inst.  3  (1870)»  232;  Chem.  News,  23  (I9TI]^ 

255. 

1870:  39.     E.  Edlund.     Om  den  elektromotoriska  Kraften  vid  beroring 

mellem  Metaller.     (Electromotive  force  from  contact  of  copper 

with  platinum  and  palladium.)  Pt,  Pd. 

Oefversigt.   Aknd.   Forh.  Stoi-kholm,  27   (1870),  3,  ?27;  Ann,  def 

Phys.  (Pog^.),  143  (1871),  404»  534»  (Pt:  Pd  547,  560;  Cu:  IH  5S«, 

555);  Ann.  cbim.  phys.  23  (1871),  356;  rinstitut,  39  (1871),  IM; 

N.  arth.  sci.  phys.  nat  42  (isn),  402;  Phil.  Ma^.  41  (1S71),  tt; 

Jsb.  Chem.  1871»  121, 

1871:  1.     — .     Gold-  und  Platingewinniing  in  Russland.      Pt 

Berg  nnd  Hiitten  Ztflf.  30  (1871).  361;  Poljt.  Centrbl.  37  (1871), 
1447;   Poiyt.  J.    (Dingier),  203    (1872),   152;  Amer.   Chemist,  t 

(1872),  355. 

1871:  2.  R.  BoTTGER.  Redncirende  Wirknng  des  mit  Wasaeretoflf  beU- 
denen  Palladiums.     (Auf  Ferricyankalium.)  Pd. 

Ber.  4  (1871),  809;  Chem.  Centrbl.  1871,  721;  Polyt.  Notizbl.  26 
(1871).  No.  10;  Polyt.  J.  (Dingier).  201  (1871).  80;  206  (1872), 
155;  Jsb.  Chem.  1871.  203  (from  44.  Versamml.  detitsch.  Naturl 
nnd  Aerzte):  Gaz.  chim.  3  (1873),  89. 

1871:  3.     K.  L18ENKO.     (Quantity  of  hydrogen  in  hydrid  of  palladium*) 

Pd. 

J.  mss.  chem.  Gesel.  3  (1871),  307;  4  (1872),  210;  Ber.  5  (1872).  S9; 
Bnl.  aoc.  chim.  [2].  17  (1872),  117;  Chem.  Centrbl.  1872.  178; 
Jsb.  Chem.  1872,  278;  Gaz.  chim.  2  (1872),  115. 

1871:  4.     C.  F,  Mohr.    Ueber  die  metallische  N'atur  des  Wasserstoffi* 
Ber.  4  nR71>,  239;  Jsb.  Chem.  1^71.  202.  Pd. 
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'•.     U,  KoLBB,     IJeber  die  n>dueirenden  Wirkungen  des  vom  Pal- 
Imliuin  ahsorliirt^^n  Waie^rstoffgasee.  Pd. 

J.  pmkU  Chem.  (2).  4  (1871 )»  41H;  Chem.  News,  25  (1872).  46;  Jsb, 
Chem.  1871,  203. 

K,    H,  Lawrow.    Ueber  crystallisirtes  Platmchlorid.  Pt. 

ZtMch.  Chem.   H    (1871),  615;   BnL  soc.  cbim,    [2].   IT   (1872),  .VM; 
Chrm.   CentrbU   1872,   354;  J,   Chem.  Soc.  25    (1872),   6O0;  J»b* 
Cbciu*  IK72,  277;  Gam.  cbitn.  2  (1S7S),  401. 
.     S.  P.  SiryrtER.     On  the  iridium  compounds,  analogous  to  the 
lelhrleo   and    protochlorid   of    platinum    mlis.     (Irll^,    2C,H4. 
iKCl)     Inaug.  Diss.  Onttlngen,  1871,  Ir,  Pt. 

Ainrr.  J,  Sci.  [3],  2  (1871),  .138:  Ber.  4  (1871).  681;  Bui.  soc.  chlm. 
[21,  17  (1H72).  51;  Cbrrn.  NewB,  24  (1871),  280;  J-  Chem.  Soc.  2S 
(I$72).  48;  Jab.  Cbem.  1871.  335;  fti«.  chlm,  1  (1871),  Wfi. 

W.   GiBBS.     Hexaiomisehe   Verhindiingen   des   Iridinrnft  mit 
MJpetriger  Saure,  Ir. 

Ber.  4  (If^TI),  2H0:  Bnl.  mc,  chlnu  [2 J,  1ft  (1871),  82;  J«b.  Cbem. 
1871,  354;  Giiz.  cbini.  1  (1871),  200. 

9,    R.  J.  Friswkll.    a  new  douhle  salt  of  thallium.    (Thallium 

platincK*}*aDid  with  pota@8tuni  carbonate.)  Pt. 

J,  Chem,  Soc,  24  (1871),  4tJl:  Ann.  Cbem.  (Uchig),  159  (1871),  ^83; 

Her   4   (IHTI),  529;   BuL  aoe.  chim,    (2),   m    (1871),  87;  Chem, 

Xifwm.  2^  (1871).  249;  Ztsch.  Cheat.  14  (1671).  414;  Gii£,  chim.  2 

(1872).  25.  170. 

UO*     F.  T0CXYX8KI.    VehQT  die  Platincyanide  und  Tartrate  de& 

)-llitimg.  Pt, 

EUcb.  Cbcm.  14  (1871),  275;  Pbarm.  Ztach.  Hussland,  II   (1872), 

166,  201;  Bui.  soc,  chim.  [2],  10  (1871),  254;  Chem.  Centrbl.  1871^ 

564:  J.  Chem.  Roc  24  (1871),  1013;  Jab.  Chem,  1871,  359. 

11,  W.  C.  L088EN.  Ueber  die  Chlorhydrate  des  Hydroxylamins. 
(Platinum  ammonium  bases  from  mixture  of  platinum  chlorid 
and  hydroxylamin,  p.  247.)  Pt. 

Aiitu  Cheui,  (Utfblif),  160  (1871),  24-1;  Ztsch.  Chem.  14  (1«71),  320. 

12.  P*  T,  CtKVE*     On  ammoniacal  platinum  bases.  Pt, 
Hiindl.  Akud.  Stockholm  [2],  10  (1871).  No.  D:  Ber.  4  (1871).  T0» 

.^;  6  (1873),  1468;  Bui.  mk\  t^bim.  [2].  15  (1^1),  161;  1«V  (1871), 

17  (1872).  100,  21M:  Chem.  Newn,  24  (1871),  73;  25  (1872),  47» 

BWJ,  311;  J.  Chem.  Soc.  27  (I87i»,  342:  Jsb.  Chem.  1871,  349;  1872, 

878:  ABMJr,  J.  Sci.    13],  4    (1H72).  22*7:  AniPf    CltemiBt,  2   (1872), 

T.  i?LEVi:.     r»n    [Li^^ui   -nurkligcj  ibiJinerier  uti  den  oor- 
KeniicU.      (Pint  I      M  Ml     uiurii  liii«^««.)  Pt, 

hr«r«igt,  Aknd*  ¥*  )» 1T5. 
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1871:  14.     R  T,  Cleve.    Nitriter  af  nigra  pktinabascr.  Pt. 

Oefversifift.  Akad.  Forh.  Stockholm,  28  (1871),  181. 

1871:  15,  P.  T.  Cleve,  Sulfiter  af  de  isomera  baserna  platofiftmimii 
och  platosemidiammin*  Pt. 

OefTersigl,  Akad.  Forh.  Stockholm,  23  (1871)»  18T* 

1871:  16,     C,  W.  Blomstrand.    Ueber  die  Metallammoniake  oder  die 

Metallairdne.     (Platinbasen,)  Pt, 

Ber.  4  (1871),  40.  70;  Chem.  Centrbl,  1871,  SOO* 

J  871:  17.  C.  W.  Blosistrand.  Zut  Frage  liber  die  Verbindungswertiie 
der  Gnmdstoffe.     (Wertigkeit  des  Plalins  in  Plattnbafieiu)        Pt. 

Ber.  4  (1871),  639. 

1871:  18,  A.  Babuteau.  Recherches  sur  lea  proprietes  physiolopqiies 
de  divers  sels  dii  genre  chlorure.  Dee  albuminuries  m^talliques, 
(Action  of  palladium  chlorid.)  Pd. 

C.  H.  73  (1871),  1390;  Chem  Centrbl.  1872,  8. 

1871:  19.     H.  TopsdE  and  C.  Christiaksex.     KrysUllografisk-opHske 

undereogelser,  nied  saerligt  heiis}Ti  til  isomorfe  stoffer,     (Chlom* 

and  bromoplatinates.)  Pt. 

Skrift^r  Danske  Selsk.  Kjobenhavn  [5],  9  (1873),  G23;  Ano.  ehim* 

phys.  [5],  1  (1874),  41. 

1871:  20.  F.  Jean.  {Sodium  sulfid  as  bloi^-pipe  reagent  for  platinum, 
palladium  and  iridium.)  Ft,  Pd,  Ir* 

Scientific  Press    (San   Francisco),  23    (1871),  No.   13;   Ber^  tind 
Hiitten  Ztg.  30  (1871)*  414;  Chem.  C^ntrbL  1872,  213. 

1871:  21.  J.  TeoMSEN.  Thermochemische  Untersuchungen,  (Xea- 
tralization  of  cblorplatinic  acid,  p.  533.)  Pt. 

Ann.  der  Phys.  (Pogj^.).  143  (1871),  407;  Ber.  4  (1871),  586;  Bd* 
Boc.  chhii.  [2],  16  (1871),  163;  Jsb.  Chem.  1871, 106. 

1871:22.    .     Manufacture  of  platinum  in  New  York.    (Edi* 

torial  note.)  Pt 

J.  Frank.  Inat.  [3],  62  (1871),  218. 

1871;  23,    E.  J.  Chapman.    Fngibility  of  platinum  by  the  blowpipe. 

Chem.  News,  23  (1871),  33;  J&b.  Chem.  1871,  346.  ?U 

1871:  24.    A.    Bauer.    Ueber    einige   Leginingrn.     CBloinlatin    und 

Bleipalladium  )  Pt,  Pd. 

Sitzber.  Akad.  Wien,  63,  ii  (1871).  3;iu;  Ber.  4   (is;i),   *49;  PolyU 

J.  (Dingier),  200  (1872),  285;  But  soc.  chim.  [2J,  16  (1871)*  7$; 

Gaz.  chim.  1   (1871),  366;  .7.  Chem.  Soc.  24   (1871),  1166;  Ztseh 

Chem.  14  (1871).  542:  Jsb.  Cliem,  1871,  316. 
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|.25*    Klixkerfues,     (Apparatus  for  lighting  gas  by  condensation 
]of  gas  on  platinum  wire,)  Pt. 

DeutBch.  ludust.  ZXg,  1871,  365;  Chem.  Centrbl.  1872»  49. 

[26.  E-  Baiidrimoxt.  Reeherchee  sur  Taction  intime  des  snb- 
stanci's  qui  aident  a  la  decomposition  du  chlorate  de  potasse  pour 
en  d^gager  Toxygtinc.     (Action  of  finely  divided  platinum.)       Ft. 

C  B.  73  (1871),  254;  J,  de  Pharm,  14  (1871),  81,  1«1;  J.  Chein«  Soc. 
ti  (1871),  1154;  Motiiteur  scienttf.  13  (1871>,  783. 

W.  Skby.  On  the  eleetTo-motive  and  electrohiic  phenomena 
developed  by  gold  and  platina  in  solution  of  the  alkaline  sulphides 
and  enlphuretted  hydrogen.     (And  in  Bea  water.)  Pt. 

Tmns*  Kew  Zcftlond  Inst.  4  (1871).  313;  Chem.  News,  33  (1871), 
221;  Amer.  Chemist,  2  (1872),  48;  Jsh.  Chem.  1871.  123. 

|1.  A,  Bettendorff.  TJeber  die  Reindarstcllung  der  Platin- 
raetalle,  Pt,  Pd,  Ir,  Os,  Rh,  Ru. 

SItsber.  Niederrhein.  GeseL  Bonn,  29  (1872),  ft. 

\2,  W.  C.  Roberts  and  C.  R-  A.  Wright.  On  the  condition  of 
the  hydrogen  occluded  by  palladium,  as  indieatinl  by  the  specific 
heat  of  the  charged  metal.  Pd. 

X  Chem.  Soc.  26  (1873).  112;  Ber.  5  (1872),  We,  1062:  Chem.  News, 
2fl  (1872).  286;  Chem.  Centrbl.  1873,  258. 

8.  A.  NoBTOK.  Weiter©  Mittheilung  nber  das  neue  Platin- 
[chlorid(PtCl,,  5H,0).  Pt. 

J.  prakt,  Chem.  [2],  5  (1872),  3ft5;  Aroer.  J.  ScJ.  [3],  4  (lft72),  ai2; 
Bui,  soc.  chim.  [2],  18  (1872),  220;  Chem.  Centrbl,  1872,  372; 
Gaz.  ehim.  2  (1872),  242:  J.  Chem.  Soc.  25  (1872),  080;  Amer. 
Chemist,  3  (1872),  fiO. 

P.  ScHXJTZENBEHOER  and  C.  FoxTAiKE,  M6nioire  enr  lea 
[eompos^s  phosphoplatiniques.  (Chlorure  et  Tacide  phospho- 
I  platineux  et  platinique.)  Pt. 

Btil.  Boc.  chira.  [2],  17  (1872),  386,  482,  52^;  18  (1672).  101,  US; 
Bcr.  5  (1872),  222,  556;  Chem.  New»,  2(i  (1872),  36,  48;  Chem. 
Centrbl.  1872»  549;  Gaz.  chim.  2  (1872),  .lag,  480,  48ri;  J.  Chem. 
Soc.  25  (1872),  701;  Jab.  Chem.  1872,  278, 

O.  Saillard.  Sur  unc  nouvelle  combinaison  phoephoplatin- 
[ique  d^riv^e  de  la  tolnidine.  Pt. 

C-  R.  74   (1872),  1526;  Bill.  soc.  chim.   [2).  18  (1872),  254;  Chem. 
Centrbl.  1872,  549;  .T»b.  Chem.  187?,  27S:  Amer.  Chemist.  3  (1873), 
307. 
10 
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1872:  6.  p.  T.  Cleve  and  0.  M.  Hoeqluxd.  Siir  les  combinaisoDS  d^^ 
ryttrium  et  de  rerbinm.  (PlatiDocyanicls  of  yttrium,  erbhtm, 
didyTTiium  and  thorix^m,  with  crystallography,)  Pl 

BuL  80C.  ehim.  [2],  18  (1872),  198;  Bihaug.  Akad.  Handl.  8loclc> 
liolm,  1  (1872),  No.  8;  Ber.  6  (1873),  1468;  J.  Chcni-  Soc-  M  (1873J» 

136» 

1872:  7.  H.  C.  Bolton.  Observations  on  the  platijiocyamde  of  mag- 
nesium. (With  bibliography  of  the  literature  of  platinocyanid  of 
magnesium,  p,  370.)  Pt. 

Amer.  Chem.  2  (1872),  367. 

1872:  8.  A.  GrERODT,  De  Taction  de  Tacide  eulfureux  siir  les  snlfUKs 
insolubles  recemment  |>r6t'ipit68.     (Platinum  siiltid  not  acted  on.) 

Pt, 
C.  R.  75  (1872),  127«;  Gaz.  chim.  3  (1873),  108;  Jsb.  Chem.  187a.  17ft, 

1872:  9.  H.  TopsoE,  KrystallogTaphiBch-chemische  TJntersuchungen. 
(Crystallization  of  platinum  bases.)  PL 

Sitzber.  Akad,  Wien,  5G,  n  (1872),  5;  Jsb.  Chem.  1872^  163;  N.  arch. 

sci.  phjs.  nat.  45  (1872),  76. 

1872:  10.     H.  Violette.     Fusion  dti  platine,  Pt, 

C.  R,  75  (1872),  1027;  Ann.  chim.  phys.  28  (1673),  469;  Ber.  5  (187«K 
938;  BuL  scL  cbim.  [2],  19  (1873),  39;  Cheui.  CentrbL  1«72,  783: 
Chem,  News,  26  (1872),  227;  27  (1873),  224,  246;  J.  Chem.  Soe. 
26  (1873),  477;  J.  Frank.  Inst,  [3],  65  (1873),  157;  Gaz.  chim.  1 
(1873),  102;  PoJyt.  J.  (Dingier),  206  (1872),  283;  Jsb,  Chem. 
1872,  276;  1873,  291;  Amer.  Chemist,  3  (1873),  391:  4  (1873),  37; 
Les  Mondea  (1872),  Nov.  7;  J.  Russ,  Chem.  Soc.  5,  ii  (1873),  W; 
Chem.  tech.  Mitth.  (Eisner),  22  (1872-73),  219;  Quart.  J.  ScL  10 
(1873),  415;  Pulyt,  CentrbL  39  (1873),  65. 

1872:  11.  J.  B.  Dumas,  Fusion  du  platine.  (Query  raised  on  Vio- 
letters  paper,  1872  :  10,)  R 

C.  R.  75  (1872),  1028:  Jsb.  Chem.  1872,  217. 

1872:  12.  R.  Hasenclever,  Ueber  Concentration  von  Schflrefel* 
saure.     (Platin-apparat,  p.  506.)  Pt. 

Ber,  5  (1872),  503. 

1872:  13. .     Manufarture  of  platinum  in  Chester  C«\,  Kct 

York.     (Editorial  note,) 

J.  Frank.  Inst,  [3],  63  <1872),  9. 

1872:  14.    J.  B.  Thompson.     On  pyroplating  (with  platinum,  &c  '     ^'' 

Chem.  News,  2G  (1ST2K  2<>:  RhL  soc.  chiro.  [2].  IH  ri872i,  :>!v 
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A  new  and  ready  method  of  forming  platinum 

Pt. 


15.    J.  L.  SMirn. 
Ihbck. 

Amer.  Cbcm*  2  (1872).  2ai;  Chem.  News,  26  (1872),  208;  Bui.  aoc 
cbim.  12].  19  (1873),  119;  Chem,  Centrbl.  1872,  273;  1873»  20; 
Gftz.  chim.  3  (1873),  179;  J,  Chem.  Soc.  25  (1872),  790;  26  (1873)» 
141;  Polyt.  J.  (Diiigler),  204  (1872),  76;  Jab.  Chem.  1872,  277. 

A.  JoxJOLET.     (Platinum  coinage.)  Pt, 

Monlteur  scient.  (1872),  Dec;  Chem.  News,  26  (1872),  288. 

17.    M.  Sattzeff.     Ueber  die  Einwirkung  des  vom  Palladium 
abaorbirten  Wasserstoffs  auf  einige  organische  Verbindimgen.  Pd. 

^J.  pf»kt,  Chem.  [2],  6  (1872)»  128;  Chem.  CentrbL  1872,  758;  Chem, 
News,  26  (1872).  241;  Gaz.  chim.  2  (1872),  460;  J»b.  Chem.  1872, 
tTO;  Amer.  Chemist,  3  (1873),  305. 


I 


8.    It  B5TT0EB.     (ITeber  das  Verhalten  von  Platin-  und  Palla- 
diomaaben  zu  ameieensaurem  Natron.)  Pt,  Pd. 

Jsb.  phye,  Vcr.  Frankfort,  1872-73,  11,  14;  Chem.  Ontrbl.  1874, 
S22,  371;  Ztsch.  anal.  Chem.  13  (1874),  176;  Chem.  tech.  Mitth. 
(Elaacr),  22  (m2-73),  220;  Indust.  Blatter.  10  (1873),  No.  1. 


19.     P.  Desains.     Recherches  sur  la  rMexion  de  la  chaleur  k  la 

I  surface  des  corps  polls.  Pt. 

C  R.  74  (1872),  1102,  USS;  Phil,  Mag.  [4],  43  (1872),  644;  44  (1872), 
77;  JMb.  Chem.  1S72.  103. 
! 


120.    H.  Buff.    Ueber  die  Aiisdehnungswanne  fester  Korper.  Pt, 

Ann.  dcr  Phys.  {Vogg^),  145  (1872),  d26;  N.  arch.  sci.  phya.  nat. 
44  (1872),  341;  Phil.  Mag.  [4],  44  (1872),  544;  Jab.  Chem.  1872,  59. 


SI 


^ 


A-  Meboet.     [Sur  de  nouveaiix  proc^des  pour  la  rMuction 
dm  selfl  dee  m^taux  des  derniers  sections.]     (Photochimiqne?) 
Ami.  Boc.  agrlc,  Lyon,  5  (1872),  104.  Pt,  Pd,  It. 

22.  J.  M.  Gauoain.  Sur  les  foroee  41ectromotricee  dfevelopp^ 
au  contact  des  m^taur  et  des  liquides  inactifs*  (Elearo-motive 
action  of  wet  platinum  plates.)  Pt» 

C.  K,  74  ( JR72),  *vio,  1332;  Jsb.  Chem.  1872,  10«. 

H,   Helmholtz.     Ueber  die   galvanische   Polarisation   dea 

Pt. 

ih.  gesammt.  Natiirn.\  n  (IhT;^),  1J?0;  J.  Chem.  Soc  26  (1873)» 
Chem.  CentrbL  1S72,  689. 

A.  VooEL.     Platinerz  von  San  Domingo.  Pt. 

N.  Eep.  iiir  Pharm.  22  (1873),  292;  J.  Chem.  Boc.  27  (1874),  196; 
J*b.  Chem.  1873,  291, 
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1873:  2.     T.  Knosel,     XJeber  Verarb<?itiing  der  PlatiBruckstande.     Fl 

Ben  6  (1S73),  1159;  Polyt.  J.  (Dingier).  210  (1873).  18&;  Bui,  »oc, 
chim,  t-l*  21  (1874),  179;  Chem.  Ontrbl.  1873,  723;  Chem.  New^ 
28  (1873).  280;  Gaz*  chim,  4  (1874).  147;  J.  Chem.  Soc  27  (1874). 
443;  Jsb.  Cbem.  1873.  291;  Amer.  Chemist,  4  (1874).  312;  Deutsdic 
Gewerb.  Ztg,  39  (1874).  No.  3;  Cbem.  tech.  Mitth*  (EUxier).  23 
(1873-74),  186. 

1873:  3.    J,  Dewar.     On  the  physical  constants  of  hydrogeniiim.    PA 

Trans,  Roy,  Soc.  Edinb.  27  (1873).  167;  Phil.  Magr.  [4]»  47  (1874), 
334;  N.  arch.  scL  phys.  nat.  50  (1874),  207;  Jab.  Cbem,  1874.  tSUK 
J*  Chem.  Soc.  27  (1874).  866. 

1873:  4.     E,  W.  Eaymond.     The  mining  industry  as  iHnstrated  at  the 

Vienna  Exposition.     (Platinum  industry  of  Russia,  and  note  od 

an  ingot  of  palladium.)  Pt,  Pd. 

Trans.  Amer.  Inst.  Min.  Eng.  2  (1873),  138;  Amer.  J.  Sci,  [3],  6 

(1873),  474. 

1873:  5,     C.  be  Maeignac.    Notices  chimiques  et  crist^IlogTaphiques 

BUT  quelques  sels  de  glucine  et  des  ra^taux  de  la  c6rite.     (Chloro- 

platinates,  p.  312,  and  Ann.  chim.  p.  65.)  Pt. 

N.  arch,  sci,  phys.  nat,  46  (1673),  193;  Ann.  chlm*  phys.  [4],  » 

(1873),  45;  J.  Cbem.  Soc.  27  (1874).  24. 

1873:  6.    A.  Welkow.    Beryllium-Platinchlorid. 

Ber.  6  (1873),  1288;  Chem.  CeDtrbl.  1874,  50;  Cbem.  News,  89  (I87f>, 
51, 


1873:  7,     W.  GiBBs.     Researches  on  the  hexatomic  compounds  of  cobalt 
(Chloroplatinates.)  Pt 

Amer.  J.  ScL  [3].  6  (1873),  116;  Bev,  6  (1873),  830. 

1873:  8.    R.  Schneider.    TJeber  neue  Schwefelsalze.     (Double  sulfid 

of  platinum  and  sodium.)  R 

Ann.  der  Phys.   (Fogg.),  149   (1873).  381;  J.  prakt.  Cheta.  fS],  S 

(1873),  29;  Gaz.  chim.  4  (1874),  143;  BuL  soc.  chim.  [2],  20  (1873), 

259;  J.  Chem.  Boo,  26  (1873),  1197;  Jsb.  Chem.  1873.  197. 

1873:  9.    R,  Schneiber,    Ueber  neue  Schwefelsalze.     (Double  siiliids 

of  palladium.)  PA 

Ann.  der  Phys.  (Fogg,),  148  (1)373).  625;  J.  prakt.  Chem-  13).  T 

(1873),  214;   BuL  soc.  chim.    [2],   20   (1873).  259;   Gaz.  chlia.  i 

(1873),  585;  4  (1874),  93;  J.  Chem,  Soc.  26  (1873),  1197;  J»b,  Cbitm^ 

1873,  195. 

1873:  10.    S.  P,  Shaepleb.      Ammonio-platinous  chloride.     (Salt  of 
Magnus,)  Pt 

Amer.  Cbem.  4  (1B73),  46;  Jeb,  Chem.  1873,  292. 
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111*    X.  0.  HoLST.     Bidrag  till  kannedomen  om  Platmans  CyaB- 
fdreningar.     (Platinocyaiiids  of  barium,  strontiura,  &c.)  Pt. 

Ar»«krift.  Univ.  Lund.  10,  ii  (1873).  No.  6;  Ber.  8  (1875),  124:  Jsb. 
diem.    1875,   238;   BuL   soc,   chlnu    [2],    22    (1874),   347;   Chetn. 
Centrbl,  1874,  786. 
12.     W.  J,  Russell.     On  the  action  of  hydrogen  on  silver  nitrate 
(and  aolutiona  of  platinum  and  palladium,  p.  11).  Pt,  Pd. 

a  J.  Chem.  Soc.  27  (1874),  3;  Ber.  (i  (1873),  1423;  Chem.  Centrbl.  1874, 

H  447;  Chem.  News,  28  (1873),  277. 

S:  13,  0,  Pbttbrssok.  Untersuchungen  iiber  Molecularvolumina 
eJDjger  Beihen  von  isotnorphen  Saken.  (Double  salts  of  plati- 
nim.)  Pt. 

Xo?,  Act.  8oc.  Upsala  [3],  9  (1873);  Ber.  7  (1874),  478. 

pl4.    H.  Saintb-Claibe  Detille  and  H.  Debbay,     (Alliage  du 
platine  et  de  Firidium.)  Pt,  Ir, 

X.  arch.  sci.  phys.  nat.  48  (1873),  45;  Jab.  Chem.  1872,  291;  Qazz. 
cMm.  ItaL  4  (1874),  107. 

15-     S.  BoTTOXE.     Relation  zwischen  Atomgewicht,  8pecifi8<;hera 
I  Gewicht,  und  Harte  metallischer  Eleinente.  Pt,  Pd. 

Ann.  der  Phya.  (Pogg.).  1^0  (1873)»  044;  Chem.  CeotrbL  1874.  114; 
Chem.  News.  27  (1873)»  215;  Amer.  J.  ScL  [3],  6  (1873),  457:  Lea 
Mondes,  31  (1873),  720. 

|l€.     P.  Stolba.    Ueber  Platinachmelztiegel.  Pt. 

SIlKber.  bohm.  GeseK  Wisa.  1873,  325;  Chem*  Centrbt  1874,  114; 
Zt#ch.  anal.  Chem.  13  (1874),  309;  J.  Chem.  Soc.  27  (1874),  1011« 

F.  MoHH.     Correction  deg  Platintiegelgewichts.  Pt. 

ZUeh.  auul.  Chem.  12  (1873),  150;  Chem.  News,  29  (1874),  27; 
Ammr.  Chemist,  4  (1873),  233. 

Hklonis.     Platinbronce.     (Patent.)  Pt. 

Ber.  0  (1873),  42;  BuL  «oc,  chim.  [2],  19  (1873),  43;  Amer.  ChemiHt, 
4  (1873),  235;  La  Gaceta  Indus!.  No.  371;  J.  nuna.  chem.  soc.  5,  U 
(lft73).  268;  Deuteeh.  Indust.  Ztg.  14  (1873).  No.  1;  Chem.  tech. 
Mitth.  (Eisner),  22  (1872-73),  221. 

[19.    J.  B.  A.  Dobb'.    Platinage  aurifire  dee  glaces.  Pt 

Bol.  aoc.  chim.  [2],  19  (1873),  672;  Ber.  6  (1873),  1273;  Deuiach. 
Gewerb.  Ztg.  39  (1R74),  No.  4;  Chem.  tech.  Mitth.  (EtRner),  23 
(1873-74).  204;  Dentach.  Indust.  Ztg.  14  (1873).  No.  49:  Polyt, 
Ctntrbl.  39  (1873),  1440:  Polyt,  4,  (Dingl.),  2U  (1874),  74;  J. 
Owfrn.  Soc  27  (1874),  928. 
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1873; 


1873: 


1873:  20.    W*  C.  Bontqen*    Ueber  das  Lothen  ron  platinirten  Glasem, 

Pt 

Ann.  der  Phys.  (Poggr,).  150  (1873),  331;  Cheoi.  News*  30  <1§74), 
187;  Chem.  tecli.  Mitth.  (Eisner),  24  (1874-75),  nSi  Hepert,  fur 
exp,  Physik,  10,  No,  3;  Deutsch.  Indtist.  Ztg^.  15  (1874),  328. 

21.  A,  Mekget.  Recherches  photochimiques  sur  Temploi  des 
gaz  comme  r^v^lateurs,  at  but  l^influence  des  eonditionB  physiques 
ail  point  de  Yue  de  la  Bensibilisation,  (Reduction  of  platinum  mlxi 
by  hydrogen.)  Pt,Pd,Ir. 

C:  R,  76  (1873),  1470;  77  (1873),  38;  Cbem.  News,  28  (1873).  7a 

22.  H.  Pellet.  [Reduction  des  sels  du  platine  par  rhydrogene.] 
(Not  reduced;  reply  to  Merget,  C.  R.  77  :  38.)  Pt. 

C.  R.  77  (1873),  112;  BuL  soc.  chim,  [2],  20  (1875),  258;  Chem. 
Centrbl.  1873;  Gaz.  chim.  4  (1874),  93;  Jsb.  Chem.  187a»  2«L 

1873:  23.     C.  Gouedon.     Nouvelles  observations  eoncemant  rinfluencv 

des  depots  ni^talliqiies  sur  le  zinc  mis  en  presence  des  acidee  et  des 

alcalis;  nouveaux  proced^s  d'hfeliogravure.     (Eflfect  of  platinum 

on  solution  of  zinc.)  Pt. 

a  K.  Abboc.  Frang.  2  (1S73),  302;  C.  R.  76  (1373),  1250;  Bef.  « 
(1873),  680. 

1873:  24.     C.   A.    Geuel.     Bedingungen   zur  sicheren    Ziindung   der 

Dobereinsehen  Platin^Feuerzeuge.  Pt 

InduBt.  Blatter,  10  (1873),  425;  Polyt.  Notizbl.  28  (18T3),  30;  Chem. 

CentrbL  1S74,  111>;  J.  Chem.  Soc.  27  (1874),  929;  Polyt.  J.  (Bing^ 

ler),  211  (1874),  243. 

1873;  25.     R.  B5ttoer.    Vorlesungsversuche  mit  activem  Waf^ersioff 
und  SauerstoiT.  Pd. 

Tagebl.  Naturf.  Versamml.  1873.  106;  Cliem,  Centrbl.  1873,  Sli% 

1873:  26.     R.  Bottger.     Ueber  Aufbewahrung  und  Eigenschaften  ein® 

auf  elektrolytischem  Wege  mit  Waseerstoff  iibersattigten  Palli- 

dimnbleches.  Pi 

Ann.  der  Phys.  (Pogg.),  Jubelbd.  (1874),  150;  J.  prakc  Chcnu  [i], 

9  (1874),  193;  Cbem.  CentrbL  1874,  226;  GasE,  chlm.  4  (1874),  510; 

J,  Chetn.  Soc.  27  (1874),  866,  1139;  N.  areh.  scL  phys.  cat,  51 

(1874),  185;  PbiL  Mag.  [4],  49  (1875),  80;  JsU,  Cheiii<  1S74.  2^5; 

Amer.  Cbemiat,  5  (1874),  138;  5  (1875),  425. 

1873:  27.    J.  J.  Coquillion,    Action  du  platine  et  du  palladium  ear 

les  hydrocarbures.  Pt,  Ti. 

C.  R.  77  (1873),  444;  Ber.  6  (1873).  12fl4;  BuL  soc.  ebim.  [2],  2d 

(1873),  493;  Chem.  CentrbL  1873,  611:  Chem.  News*  28   {ISU), 

125;  J.  Chem.  Soc,  20  (1873),  1214;  J.  Ruse^.  Chem.  Soc.  6.  U 

(1874),  28. 
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28.  A.  VoLLEn,  Feber  Aenderungen  der  elektromolonschen 
Kraft  gnlvanischer  Coriibinationen  durcli  die  Warme  (Platin  in 
Salpetenjatire)*     (Inaug,  Bias.)  Pt. 

Amu  der  Pbys,  (Bogg,),  140  (1873),  394;  Jsb,  Cbem,  1873,  122. 

2$.  P.  A.  FaVre.  Recherches  thermiques  sur  la  condensiation 
lies  gB2  par  les  corps  nulidos.  Absorption  de  rhvdroiztTie  par  le 
ooir  dc  platine.  Pt. 

C  R.  TT  (1873),  UO:  Chem.  News,  28  (1873),  213;  J.  Cbeni,  Soc  87 
(lft74).  15, 

,iQ.    H,   ScttRODER.     Dichtigkeitsmeggiingen,   Heidelberg,   1873. 
(Dennity  of  potassium  and  ammonium  chloroplatinates.)  Pt. 

Jjib,  Chrm.  1870,  32. 

fl.     H,  J.  BuBKABT.     Ueber  neiie  mexicanisohe  Fimdorte  einiger 
Mineralten.     (Occurrence  of  platinum  in  Mexico,  p,  594.)        Pt. 
Kcuc»  Jahrb.  Mineral.  1S74,  587;  Dingl.  poK  J.  240  (1881),  213;  Jsb. 
Chem.  1ST4,  12.10;  J.  Chem.  Sew.  2S  (lft75),  551. 


1 2%      A.  FllKSZEL. 

Hia,  p.  6B4.) 


Mineralogisichefi  [8.  Eisenplatin].     (From  Bus- 

R. 
Nene»  Jahrb.  Mineral.  1874.  573;  Jsb.  Chem.  1874, 1230. 

I  3.  H.  MoBiv.  L'un  lingot  de  250  kilogramme?  dc  platine  et 
i  dHridium  allife,  fondu,  etc,     (Properties  of  alloy.)  Pt,  tr. 

C  R*  78  (1874),  1502;  Blngl.  poK  J.  213   (1874),  337;  Jsb.  Chem* 

la7l,  I0»i5:  J.  RuRs.  Chem.  Soc.  «,  ii  (1874),  208;  Polyt.  CentrbL 

40  (1^74),  9(>6;  Amer,  Chemist,  5  (1874),  146. 

T*.  Brilsteik.    Die  chemi?ohe  ftrossindnstrie  atif  der  Weltaus- 

stellung  Ell   Wien,   1873.     (Platinum   manufactory   of  Jolnison, 

Miitihey  and  Co,)  Pt,  Pd,  Ir,  Rh,  Og.  Ru. 

Polyi.  J.  (Din^l^r),  211  (1874),  15i;  Chem.  CentrbL  1874^  17fi;  J»b. 
Chem.  1874,  10U4, 
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Pt, 


Amer  Chemist.  4  (1874),  440;  from  Eng-ineering, 

[G.  It.  Saint-(;laike  Dk\  illk,  II.  Debray  and  H.  Mohlv.  (8e|m- 
mtiou  of  iridium  from  platinum  ores,  plutinum-iridium  alloy!*, 
■nd  normal  metre;  also  poisonous  qualities  of  osmjum.)  Pt,  Ir,  Oa, 
Ti-'  te,  30   (1874),   104;  Chem.  CentrbL  1874,  009;  Polyt 

t  '  <  (1874),  906. 

L.  J.  Troost  and  P.  IlAtrrEFEtnLLK.    Note  snr  le  palladium 
[  bydrt>gine.    Density*  dc  rhydnrg^ne  combing  avec  m^tAux.      Pd. 

GL  E.  78  (1874),  CSO,  908;  Ann*  chim.  phys.  [5],  2  (1874).  27»,  287; 
B»].  ftoe.  chim.  [2],  22  (1874),  118.  120;  Ann.  der  Vhys.  (l'0|r|p.)» 
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153  (1874),  144;  Ber.  7  (1874),  480;  Chem.  CentrbL  1874,  276; 
Chem.  News,  29  (1S74),  196;  J.  Chem.  Soc  27  (1874),  660;  J. 
prakt.  Chem.  [2],  9  (1874),  199;  PhiL  Ma^.  [4],  47  (1874).  397; 
Jsb.  Chem.  1874,  293;  J.  Buss.  Chem.  Soc.  6,  ii  (1874),  165;  Amer. 
Chem.  5  (1874),  143. 

1874:  8.    J.  MouTiER.     Siir  la  chaleur  d6gag6e  par  la  combinaison  de 
Phydrogdne  avec  les  m^tauz.  Pi 

C.  R.  79  (1874),  1242;  Chem.  CentrbL  1875,  138;  l*Institut>  42  (1874), 
412;  Jsb.  Chem.  1874,  112. 

1874:  9.    P.  A.  Favbe.    Recherches  but  rhydrogftne.     (Heat  develop- 
ment of  platinum-hydrogen  and  palladium-hydrogen.)        Pt,Pd. 
C.  R.  78  (1874),  1257;  Ber.  7  (1874),  737;  Jsb.  Chem.  1874,  111;  BoL 
soc.  chim.  [2],  22  (1874),  486. 

1874:  10.     p.  A.  Favre.     Becherches  thermiques  gur  la  condensation 

des  gas  par  les  corps  solides  et  la  chaleur  d6gag6e  dans  Facte  de 

cette  absorption.     (Condensation  of  hydrogen  by  platinum  and 

palladium,  p.  215,  227,  256.)  R,Pi 

Ann.  chim.  phys.  [5],  1  (1874),  209. 

1874:  11.    J.  L.  Smith.    Condensation  of  air  on  the  surface  of  plati- 
num. Pt 
Amer.  Chemist,  5  (1874),  212;  Chem.  News,  31  (1875),  55;  J.  Chem. 
Soc.  28  (1875),  480. 

1874:  12.    J.  L.  Smith.    A  ready  method  of  showing  the  absorption  of 
hydrogen  by  palladium.  W- 

Amer.  Chemist,  5  (1874),  213;  Chem.  News,  31  (1875),  56;  J»b: 
Chem.  1874,  177;  J.  Chem.  Soc.  28  (1875),  424. 

1874:  13.    J.  Thomsen.    Beryllium-Platinchlorid.  R- 

Ber.  7  (1874),  75;  Chem.  CentrbL  1874,  245. 

1874:  14.     A.  Welkow.     Beryllium-Palladiumchlorid.  Pi 

Ber.  7  (1874),  38;  Bui.  soc.  chim.  [2],  21  (1874),  273;  Chem.  Cea- 
trbl.  1874,  245;  Chem.  News,  29  (1874),  155;  Gaz.  chim.  4  (1874). 
278. 

1874:  15.    A.  Welkow.    Beryllium-PaUadiumohloriir.  Pi 

Ber.  7  (1874),  803;  BuL  soc.  chim.  [2],  22  (1874),  499;  Chem. 
CentrbL  1874,  467;  Gaz.  chim.  5  (1875),  61. 

1874:  16.    A.  Welkow.    Aluminium-Platinchlorid.  P^ 

Ber.  7  (1874),  304;  Bui.  soc.  chim.  [2],  22  (1874),  153;  Chem. 
CentrbL  1874,  292;  Gaz.  chim.  4  (1874),  302. 

1874:  17.    A.  Welkow.    Aluminium-Palladiumchloriir.  Pi 

Ber.  7  (1874),  802;  BuL  soc.  chim.  [2],  22  (1874),  499:  Chem. 
CentrbL  1874,  467;  Chem.  News,  29  (1874),  265;  Gaz.  chim.  i 
(1875),  61;  J.  Buss.  Chem.  Soc.  6,  ii  (1874),  313. 
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P*  T*  CtBVB.    Bidrag  till  jordmetallernaB  kemi.     (Chlorids 

*   -  of  platinum  and  thorium.  No.  6;  lanthaniim^  7j  did}'- 

iii    .         ftnum,  12;  erbium,  12.)  Pt. 

BihoD^,  Akad.  HiindL  (Stockholm),  2  (1874),  6,  7,  B,  12:  BuJ.  soc, 

chim.  [2],  21  (187-1),  115,  196,  246,  344;  Ber.  8  (1875),  128. 

[19.     [F.  WoHLEB,]     Pallodiumoxydul  in  Wasserstoffgas,  Fd. 

NiichHcbt«n,  GotUngen,  1874,  420;  Ann,  Chem.  (Liebig),  174 
(1874),  60:  Bui.  aoc.  ehim.  [2],  23  (1875).  267;  Qaz,  chim.  6 
(1876),  213;  Chem.  C^ntrbL  1B74,  770;  Jab.  Chem.  1874,  295; 
Ztscb.  g^a*  WifiB,  11  (1875),  68;  Amer.  Chemist,  5  (1875),  384; 
J,  Kiiss.  Chem-  Soc,  7,  ii  (1875),  8. 

120*     [F.  W^iiLER*]     Notiz    Tiber   ein    Palladiumsalz.      (Sodium 
palladium  sulfite.)  Pd. 

Xachrichten,  Oottiiigeoi,  1874.  419;  Ann.  Chem.  (Liebig),  174 
(1874).  1^9;  Bull.  soc.  chim.  [21,  23  (1875),  267;  Chem.  Centrbl. 
1874,  W)3;  Chem.  News,  30  (1874),  275;  Gaz.  chim.  6  (1876).  224; 
J«b,  Chem.  1874,  296;  Ztsch.  ges.  Wisa.  11  (1875),  67;  Amer. 
Chemist,  5  (1875),  353;  J.  Chem.  Soc.  28  (1875),  134. 

\2l,    W.    Skey.     On   the   formation    of  certain   double   metallic 
iylphocyttnides  (of  platinum  with  anilin).  Pt. 

Chem.  News,  30  (1874),  33;  Ber.  7  (1874),  1459;  Jab.  Chem.  1874, 
300. 

88*  W.  Skbt.  Notes  upon  the  production  of  certain  double  salts 
of  the  aniline  bases  and  indigo  vriih  metaUie  salts  (with  platinum 
chlorid  and  thiocyanate).  Pr. 

Chem.  Xewa,  30  (1874),  33;  Ber.  7  (1874).  1459;  Jab.  Chem.  1874, 
300. 

\t3.    R.  ScHXEmER.    Ueber  neue  Schwefelsalze.     (Summary.) 

Pt,Pd. 
Ann.  dcr  Phya.  (Pogg.),  153  (1B74),  588;  J.  prnkt.  Chem.  [2],  XI 
(lf»75),  01;  J.  Chem.  Soc.  28  (1975).  5.1.1. 

8.  JoLiN.    Om  cerium  och  dcss  foreningar.  (Double  chlorids 
cyanide  of  platinum  and  cerium.) 

Bihuiig.  AkacU  Handl.  2  (1874),  14;  BuL  soc.  ehim.  [21,  21  (1874). 
533. 

125.     F.  Gramp.    Ueber  AiiinitateverhaltniBSC  der  HalogenmctalU 
verbindungen.     (Platinum  and  palladium.)  Pt,  Pd. 

Ber.  7  (1874),  1723;  J.  Chem,  Soc.  28  (1875),  423;  Jab.  Chem.  1874, 

1X6.     G*   KitiirsK.      Beitrag  zur   Bestimmung   des   K^lium   als 

I  KaHomplatinchlorid.  Pt. 

Arch,  fiir  Phurm,  205  (IH74),  407;  Ztuch.  anal.  Chem.  14  (1875), 
184;  Pharm.  Journ.  5  (1875),  :S2;  Jsb.  Chcoi.  1K74.  97S:  Amer. 
Chemist,  6  (1876),  437. 
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1874:  37.  H.  Sainte-Claire  Deville  and  H.  Debuay.  Sitr  xme  prv 
prifite  nonvelle  du  rhodium  metallique.  (RediictioQ  of  formic 
acid.)  Rh,  Pt,  Pd,  Ir,  R\l 

C.  R,  78  (1874),  t762;  Bui.  80C.  ch\m,  [2],  22  (1874),  360;  Bet,  7 
(1874),  1038;  Chem.  Centrbl.  1874,  513;  Chem.  Newja,  30  (1871), 
98;  J.  Chem,  Soc.  27  (1674),  1076;  Jsb.  Chem.  1874,  296;  J.  Ru«»v 
Chem.  Soc.  6,  ii  (1874),  301. 

1874:  2S.  IL  Sainte-Claire  Beville.  [Pnisonous  qualities  of  osmic 
acid,]  0*. 

a  R.  78  (1874),  1509;  Chem.  Centrbl.  1874,  610. 

1874:  29.     G.  VuLpriTs.     Uebcr  Platinreduction.     (Preparation  of  plat- 

inuin  Bponge.)  Pt. 

Arch,  fiir  Pharm.  205   (1874),  417;  Ch*ein.  Centrbl.   1874,  78e;  J. 

Chera.  Soc.  20  (1876),  192;  Jeb.  Chem.  1874,  294;  Amer.  Chemist. 

6  (1676),  437, 

1874:  30.     C.  A.  Winkler.     Ueber  die  Loslichkoit  des  legirten  PlatiJis 

in  Salpetersaurc.     (When  alloyed  with  silver,  copfjcr.  lead,  bi^ 

ninth,  or  zinc.)  Pt. 

Ztsch.  anal.  Chem.   13   (1874),  369;  Chem.  Centrbl.   1875,   1<J2;  J. 

Chera.  Soc,  13   (1875),  428;  Ber^  u*  Hiitten  Zt^.  34   (1875).  115; 

.1.   Russ.  Chem.  Soc.   7,  ii   (1875),  27;  Amer.  Chemist,  5   (IS75), 

402. 

1874:  31.     IL   Topsoe.     Beitrage   2ur   krystallographischen   Kenntni:^ 

der  Salze  der  seltenen  Erdraetalle.     (Double  platinum  chlorifb 

and  cyanids.)  Pt. 

Bihand.  Akad.  HandL  (Stockholm),  S  (1874),  5;  Ber.  8  (1975),  K9. 

1874:  32.     A.  H.  L.  Fizeait.     Dilation  du  alliage  platine-iridimn* 

C.  R.  78  (1874),  1205:  Jsb.  Chem.  1874,  70.  Lr,  Pt. 

1874:  33.    J.  L.  Smith,     Gold-lined  capsulea  and  crucibles.  Pt, 

Amer,  Chemist,  5  (1874),  213;  Chem.  News,  31  (1875),  55;  Din^jl. 
pol.  J.  219  (1876),  183;  Jsb,  Chem.  1876,  1096;  Chem,  tech.  Mitth. 
(Eisner),  25  (1875-76),  203;  Ztach.  anal.  Chem.  14  (1875)^  329. 

1874:  34,     H.  Carmichael,     (Platinum  digestor.)  Pt. 

Proc.  Amer.  Assoc.  1874;  Amer,  Chemist,  5  (1874),  1113. 

1874:  35.    E.  Reicharbt.     Brucliiges  Platin.    (With  silicon.)  Pt 

Arch,  fiir  Pharm.  205  (1874),  123:  Chem.  Centrbl.  Ift74,  $9%l  DSn^l 
pol,  J.  213  (1874),  445;  240  (1881),  217;  Jsb.  Chem.  1^4,  2fl4; 
Amer.  Chemist,  6  (1875),  155. 

1874:  36,  A,  Polain.  Be  la  resistance  du  bronzephosphoreux  et  dt* 
ses  applications  dans  rindustrie.  (Plating  phosphorbronzi^  with 
platinumO  '  Pt. 

Rev.  Unir.  dea  Mines,  35  (1874),  505;  Dingl.  pol.  J.  217  (IS75),  «l* 
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J7.  P.  DB  Wilde,  Action  de  rhydrogene  eur  Tacetyl^ne  et 
rdthyl^e  aoiis  rinfliienee  du  noir  de  platine.  Pt. 

Bill-  Acad.  8cj.  Bnixelles,  37  (1874)»  73;  Ber.  7  (1874),  353;  BuL 
•oc,  ch^in.  [2],  21  (1874)»  440;  J.  Chem.  Soc.  27  (1874),  883. 

38.  R.  C,  BoTTdER.  Ueber  Aufbewahning  und  Eigcnschaften 
liif  elektrolytieehem  Wege  mit  Wasaerstoff  iibersiittigteu 
iumbleehee.  Pd. 

J.  prakt  Chem.  9  (1874),  193;  Tageblatt  Naturl  Versamml.  1875» 
M;  Chem.  CetitrbL  1875,  643;  J,  Buss.  Chem.  Soc.  7»  ii  (1875),  m. 

i%  M.  Trattde.  Zur  Theorie  der  Permentwirkung.  (Platinnni 
black  on  sugar,)  Pt. 

Ber.  7  (1874).  ^n;  Ztstch.  atioK  Chem*  13  (1874).  34t>;  N.  arch,  sei* 
phys.  n«t.  49  (1^74),  HI;  Jsb.  Chem.  1874,  951, 

40.     E.  Haobjtbace-Bischoff.     Fernere  Versuche  iiber  Fluores- 

eeoz.     (Of  plat inocyan ids,  p,  309.)  Pt. 

Aan,  dcr  Phys,  (Vogg.),  Jubelb.  (1874),  303:  Jab.  Chem.  1874.  155. 

4L     H*  TopsoE.     Krystallographisch-chemische  Untersiichimgen 

(ilbi^r  Baryumpljitinchlcirid   und  Natnumpbitinuinbnmiid).       Pt. 

Silaber.  Wieu.  Acnd.  69.  ii  (1874),  2«1;  Jsb.  Chem.  1874,  179. 

48.     Willis.  Jr.     (Platinum  and  iridium  in  photography.)  Pt.  In 
Polyt  Notizbl.  (1874).  No.  ft;  Amen  Chemist,  5  (1S74).  15:i:  Chem. 
CenlrbL  1874,  583:  J.  Chem,  Soc.  27  (1874),  101?^. 

43.     D.  Macalcso.     Untereuohung  iibor  die  galvanisehe  r'alarisa- 

tion  durch  Chlor  und  Waeserstoff.     Ueber  die  electromotoriache 

Kraft  des  mit  kknnen  Mengea  von  Chlor  beladenen  Platins.     Pt. 

J.  pmkt.  Cbem.  29  (1874),  225;  J.  Chem.  8oc.  27  (1874),  1044. 

1,  A.  Desclotzeat.  Note  siir  Tfel^ment  ppox^nique  de  la  roche 
aasociie  au  platine  de  TOural.  Pt. 

C.  K,  80  (1876),  785:  J.  Chem.  Soc.  28  (1875).  623. 

2,  G.  A.  Dattbree.  Association,  dans  TOural,  du  platine  natif  ft 
la  roches  h  base  de  peridot;  relation  d'origine  qui  itoit  ee 
m^tal  nvi'c  le  fer  chrome.     (Matrix  of  ])latinum.)  Pt. 

C  B,  80  (1875).  707:  BuL  G^oL  Soc.  (I'ans),  3  (1875),  311;  Neuea 
Johrb.  Minernl.  1875,  540;  Jsb.  Chem.  1875.  1194;  Ann.  dea  Miocfi 
(7],  «l  (l?i70).  123;  Amer.  Chemist^  0  (l«7(i).  4m;  he  TechnoL 
1976»  No.  7. 

IT.  SaIkte-Claire  Devillk.     Sur  les  alliages  de  platino  el 
de  fer-     (Rejoinder  to  Daubr^e,  1875:  27.)  Pt,  Ir. 

a  E.  80  (1875).  589:  fhem.  News.  31  (1875),  171;  J.  Chem.  Soc.  28 
(18^5).  534:  J«b.  Chem.  1875,  232,  1196;  1880,  362;  Monit.  iidentif. 
[3],  G  (187«)»  548:  Chem.  Industrie.  3  (1880).  22. 
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1875;  4.  K.  L.  F.  vox  Sandberoer.  [Baryt glimmer  vom  Habach- 
thai;  Brauneisenerz-Pseiidomorphosen,  welche  Platin  enthalten> 
aus  Mexico.]  Pt* 

Nenes  Jahrb.  MlneraL  1875,  625;  J,  Chem.  Soc.  29  (1876),  54;  Jsb. 
Chem.  1875, 1194. 


1875:  5. 


«. 


.     Werth  von  Metellen.        Ft,  Pd,  Ir,  Rh,  Os.  Bu. 

Berg   und   Hiitten   Zt^.    34    (1975),   244    (from  Hining   and  Sci- 


Press);  Chem.  CentrbL  1875,  544. 
.     ZtiT   Industrie   der   Edelmetalle. 


(Scheidang 
fler  alien  Thaler  in  Frankfurt  a.  M.)  Pt,  Pd. 

Indust.  Blatter,  12  (1875),  386;  Dlugl.  pol.  J.  218  (1875),  376, 

1875:  7.    .     (Apparatus  at  Conservatory  of  Arts  and  Meas- 
ures [Paris]  for  fusion  of  platinum,)  Pt* 


8. 


Amer.  Chemist,  5  (1875),  334;  from  La  Nature. 
.     (Forging  of  a  platinum  ingot.) 


1875: 


1875: 


1875: 


Amer,  Chemist,  5  (1875),  394;  from  La  Nature. 

9.  J.  R.  VON  Wagnee,  TJeber  die  Verwendbarkeit  des  Broms  in 
der  Hydrometalliirgie,  der  Prohirkimst,  und  der  ehemischen 
Technologie.     (Extraction  of  platinum.)  Ft* 

Chem.  CentrbL  1875;  Bingh  poL  J.  218  (1875),  254;  Bui.  aoc.  chtm. 
[2),  25  (lB7fi),  138, 

10.  J.  L.   Smith.     A  convenient   instrument  for  showing  the ' 
absorption  of  hydrogen  gas  by  palladium.     (Eead  at  A.  A.  A.  S., 
1875.)  Pd,R 

Amer.  Chemist.  6  (1875),  106;  Jsb.  Chem.  1875,  153;  GazE.  chiin. 
ita].  6  (1970),  101;  Rev.  scientif.  Feb.  (1876). 

11.  L.  H.  Laudy,     The  occlugion  of  hydrogen  by  palladium. 
Amer.  Chemist,  5  (1875),  362;  Jab.  Chem.  18T5, 154.  Pd. 

12.  L.  Troost  and  P.  Hautefeuille.  Sut  la  diasolutiou  lit 
rhydrog^ne  dans  les  m6taux,  P4 , 

C.  R.  80  (1875),  788:  Chem.  News,  31  (1875),  196* 

13.  R.  GoDEFFROY.  Eiuige  neue  Sake  nnd  Reactionen  d^ 
Caesiums  und  Rubidiums.     (Double  platinum  chlorids.)  Pt. 

Ber.  8  (1875),  9;  Pharm.  Ztsch.  Ruaal.  14  (1875)»  35;  Ztsch.  anal. 
Chem.  14  (1875),  92. 

14.  A.  VON  Labaulx.  Ueber  die  Krystallformen  des  Natrium* 
iridium-  nnd  des  Natriumrhodium-Sesquichloriirs.  It,  Rb. 

Neues  Jahrb.  Urn.  1875,  128. 
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13,    B.  Deulchanal  and  A,  Mebhet.     Sur  une  corapos^  de 

platiJiey  d*4t£m  et  d'oxyg^ne,  analogue  au  pourpre  de  Cassius. 

(Oxjpde  platinostannique  de  M,  Dmnas.)  Pt, 

a  R-  81  (1875).  370;  Bui.  soo.  chim,   [2],  24  (1875).  435;  Ber.  8 

(1875),  1353;  Chein,  Centrbl.  1875,  625;  Chem.  News,  32  (1875), 

157;  Ga«.  ehim.  C  (187G),  159;  J.  Chem.  Soc,  29   (1876)»  48;  Jsb. 

Chcm.  1875»  232;  J,  Russ.  Chezn,  Soc.  7,  11   (1875),  404;  Am«f* 

Chemist,  6  (187G),  319. 

16.  S.  Kern.  On  the  action  of  sulphocyanides  on  palladium 
chloride  and  nitrate.     (No  precipitate.)  Pd, 

Ch«m.  News,  32  (1875).  242;  J.  Buss.  Chem.  Soc.  7,  I  (1875),  316; 
Ber,  8  (1875),  ltt84;  Ztsch.  aimL  Chem»  17  (1878),  491;  Jsb.  Chem, 
1875,  233, 

17.  S.  Kebk.  On  aome  reactions  of  iodine  and  palladiiiiu 
chloride  with  potassiuni  ferTocyanide.  Pd» 

Chem.  News,  33  (1876),  184;  J.  Ruse.  Chem.  Soc.  7,  I  (1875),  ai6; 
J.  Chem.  Soc.  30  (1876),  325. 

18.  H-  SaintE'Claire  Deville  and  H.  Debray.  Du  nitht- 
nimn  et  de  ses  composes  oxyg6n68.  Hn. 

C.  B.  80  (1875).  457;  Ann.  chim.  phys.  [5].  4  (1875),  537;  Bnl.  Boc, 
chim.  [2],  24  (1875),  191;  Ber.  8  (1875),  339;  Chem.  Centrbl.  1875, 
258;  J»  Chem.  Soc.  29  (187*5),  48;  Jeb.  Chem.  1875,  233;  Amer. 
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t  discernere  gli  alealoidi  venefici.  (Potaaalum  iodoplatinate  bs  a 
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Arch,  flir  Pbarm.  206  (1875),  137:  J.  Chem.  Soc.  S9  (1876),  876; 
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158  BIBLIOGRAPHT   OF  METALS   OF  THE 
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metals  and  their  salts  on  hydrogen  dioi 
Brit.  Assoc.  Rep.  45  (1875),  42  (title 

1875:  26.  H.  Saikte-Claire  Deville  and  ] 
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1875:  28.    A.  Scheurer-Kestner.    Dissoln 
sulfurique^  pendant  I'op^ration  indusi 
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Ann.   Chem.    (LJebig).   180    (1876).   240;   Bui,   aoc.   chim.    [2],  27 
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Dingi.  pni    J.  220  (1876),  95. 

[9.    J.  Philipp.    Darstellung  Platins  von  Hemeu.«i  (auf  der  Wiener 
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Gaz.  chim.  fl  (1878),  522;  J.  Chem.  Soc,  30  (1876),  384;  Jsb,  Chem, 
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■  Miiir,  15  (1876),  :i05;  Jsb,  Chem.  187tt,  281;  ArcWv  Pharro.  [3], 
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C.    Stockmakn.    TJeber   das   AufschlieBsen   von   Silicaten. 
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jmoh  Faure  und  Eessler.  Pt. 
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Bcr.  10  (1877).  1974;  Chcm.  Centrbl.  1878.  112.  Pt. 

G,  Pabodi  and  A.  Mascazzini.  Sulla  detenninazione  dello 
jcmco  e  del  piombo  dai  loro  minerali  e  prodotti  di  arte  mediant e 
rdettroltsi,     (Coating  of  platinum  with  zinc.)  .  Pt* 

Oa^.  c'him.  itaL  7  0877),  222;  Ber»  10  (1877).  84:  Chetn,  OntrbL 
1»T7,  146;  AnnM  di  chim.  «J7  (1878),  185. 

[81.    .     (PlatinJren.)  Pt. 

Cbetiu  tech.  Mirth.  (KlBtJt*r),  27  (1877-79),  287;  from  Pojyt.  NotlzbL 

B2,     A.  W.  Wrioht,     On  the  production  of  transparent  metallic 

Ifilioa  by  the  ebctrical  discharge  in  exhausted  tubce,     (Produc*tion 

of  platinum  tilm  on  glags.)  Pt. 

Ainrr  J.  ScL   13   (1877),  49;  MDoit.  aeleut   [3],  8   (1878),  lUtil; 

Wmgl  pol.  J.  225  (1877).  402;  Xaturforacher,  10  (1877).  108;  Jsb. 

Chc*m.  1578.  1114. 

F.  BoDB.     Ueber  Concentration  von  Schwefeleaure.'  PL 

IHugl  pol.  J.  223  (1877),  299. 

F.  Bode.     Xotizen  aus  der  Schwefekaurefahrication.     (Use 
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Chem.  1877,  315. 
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1877:  40.  J.  J.  Coquillion.  Snr  la  dissociation  des  carbures  au  moyen 
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actions  de  presence  on  ph^nom^nes  catalitiques.  Pi 
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1877:  45.  J.  Violle.  Chaleur  sp^cifique  et  chaleur  de  fusion  du 
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Chem.  Soc,  32  (1877).  5^6. 
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Chem.  NewB,  38  (1878),  43. 

1878:  3.  G,  Matthey.  The  preparation  in  a  state  of  purity  of  the 
group  of  metala  known  as  the  platinum  series,  and  notes  npon  the 
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Chem.  News,  39  (1879),  175;  Din^I  pol.  J.  240  (1881),  213;  J, 
Russ.  Chem.  Soc.  11,  ii  (1879).  305. 

1878:  4.  E.  H.  Sainte-Claibe  Deville  and  J.  H.  Debray.  Dissocia- 
tion dea  oxydes  de  la  famille  du  platine.      Pt,  Pd,  Ir,  Eh,  Da,  Eu. 

C.  R,  87  (1878).  441;  Chem.  CentrbL  1878,  682;  Ber.  11  (1879),  364; 
BiiL  Boc.  chim.  [2],  32  (1879),  294;  Chem,  News,  38  (1878),  188; 
J,  de  pharm.  28  (1878),  441;  PhiL  Mag.  [5],  6  (1878).  394;  J. 
Ruas.  Chem.  Soc,  10,  ii  (1878),  331;  Giuez.  chim.  ItaL  7  (1879), 
154;  Jab.  Chem.  1878,  123. 

1878:  5,  E.  Oodeffroy.  Eigenschaftcn  einiger  Caesium-  und  Eiibi- 
diumverbindnngen,     (Ceainin  palladium  chlorid.)  Pd. 

Ansh.  pharm.  212  (1878),  47;  Chem.  CentrbL  1878,  162;  Jab.  Chem, 

1878,  237. 

1878:  6.  S.  M.  Joroensen.  Bidrag  til  Kobaltammoniakforbindelsernes 
Chenu.    (Chloro-  and  bromo-platinates.)  Pt. 

OTersigl^.  Dansk.  Vi<L  Sela.  Copenhagen^  1878,  7;  J.  prakt.  Chem. 
18  (1878),  209. 
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250. 

1878:  9.    D.  Cochin.     Sur  quelques  combinaisons  du  platine.    (Phos- 
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Iridiums.     (Double  sulfites.)  Ir. 

Ber.  11   (1878),  1761;  Bui.  soc.  chim.    [2],  32   (1879),  403;  Chem. 

News,  39  (1879),  74;  DingL  poL  J.  230  (1878),  370;  J.  Chem.  Soc 

36  (1879),  125;  Jsb.  Chem.  1878,  316;  J.  Rubs.  Chem.  Soc.  11,  U 

(1879),  237. 

1878:  11.     C.  Seubert.    Ueber  das  Atomgewicht  des  Iridiums.    (192. 
744,  H  =  1.)  It. 

Ber.  11  (1878),  1767;  BuL  soc.  chim.  [2],  32  (1879),  404;  Ann.  J.Sd. 
[3],  17  (1879),  64;  Chem.  News,  39  (1879),  74;  J.  Chem.  Soc  36 
(1879),  125;  Ztsch.  anaL  Chem.  21  (1881),  155;  Jsb.  Chem.  1878. 
316;  J.  Amer.  Chem.  Soc.  1  (1879),  320;  Ann.  der  Phys,  (Po^). 
Beibl.  3  (1879),  322. 

1878:  12.     E.  von  Meyer.     Ueber  einige  neue  Platinverbindungen:  die 
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J.  prakt.  Chem.  [2],  18  (1878),  305;  Ber.  12  (1879),  130;  BuL  soc 

chim.    [2],   33    (1880),   172;  Gazz.  chim.  ital.  9    (1879).  99;  J»b. 

Chem.  1878,  309. 

1878:  13.     L.  F.  !Nilson  and  0.  Pettebsson.    Ueber  Darstellung  iwd 
Valenz  des  Berylliums.     (Platonitrites  and  chlorplatinate.)     P^- 
Ann.  der  Phys.  (Pogg.),  [2],  4  (1878),  554;  Nova  Acta.  Soc  Sd 
Upsala,  10  (1879),  No.  9;  Jsb.  Chem.  1878,  244. 

1878:  14.     L.  F.  Nilson.     Om  jodhaltiga  derivat  af  platonitrit.    (?^ 
toiodonitrites.)  P^- 

Oefversigt.  Akad.  Forh.  Stockholm,  35  (1878),  No.  3,  51:  Noti 
Acta,  Soc.  Sci.  Upsala  10  (1879),  No.  16;  Ber.  11  (1878).  8T9;  13 
(1880),  775;  BuL  soc.  chim.  [2],  31  (1879),  359;  Chem.  Newi,  38 
(1878),  49;  J.  Chem.  Soc.  34  (1878),  706;  J.  prakt.  Chem,  [']* 
21  (1880),  172;  Jsb.  Chem.  1878,  312;  1880,  363;  Chem.  CentrbL 
1880,  261;  J.  Russ.  Chem.  Soc.  11,  ii  (1879),  305. 
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1878;  15.  S.  E,  Phillips.  A  study  of  plat-ammonia  compouods. 
(Concluding  ^itli  The  general  character  of  the  metal  aramoniuni, 
p.  23*^.)  Pt,  Kh,  Ir,  Hu,  Pd. 

Chem.  NewB,  37  (1878),  200,  231:  Jsb.  Chem.  1878,  309. 

16.  K.  IL  Sainte-Claire  Deville  and  J.  H.  Debbay.  Sur  un 
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[21,  31  (I87a).  440;  Cheitu  CeiitrbJ.  1878,  387;  Chem.  News,  37 
(1878),  2]ti:  Gazz.  ehim.  ilal,  9  (1879),  144,  207;  J.  Chem.  Soc.  34 
(1878),  050;  Jab.  Chem.  1878,  316;  J,  Buss.  Chem,  Soc.  10,  ii 
(1878).  237. 

1878:  17.  A.  Bertix.  Sur  les  cristaux  idiocyclophanes.  (Platiiio- 
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Ami.  chim.  phys.  [5],  15  (1878),  396. 

1878:  18.  F.  W.  Clarke.  On  some  seleniocyanatea.  (Potaesmm 
platinoBeleniocyanate.)  Pt. 

Amer.  J.  Sci  [3],  16  (1878),  199;  Ben  11  (1878).  1325;  Chem,  News, 
38  (1878),  170. 

19.  IL  VON  Juptker.  Neue  Methode  der  quantitativen  Unter- 
euchung  von  Gold-  und  Silbcrleginiugen,  Pt. 

Anzeiger,  Akad.  Wien,  15  (1878),  li31;  Bui.  soe,  chim.  [2],  33 
(1880),  448;  Ztsch.  anal.  Chem.  18  (1'879),  104* 

1878:  20.  B,  C,  Bottger.  (Losungsmittel  fiir  Ammoniumchloroplati- 
nate.)     (8odium  citrate.)  Pt. 

Tagebl.  51.  Ver&amrnl.  deutech.  Naturf.  u.  Aerzte,  1878,  46;  Chem. 
Centrbl,  1878,  7SG. 

1878:  21.  E.  C.  B6ttoeu.  (Verhalteu  dee  Phosphors  zu  Metall- 
losungen.)    (Platinum  and  palladium  solutiuns.)  Pt,  Pd. 

PoJ.vt.  Notijebl.  33  (1878),  30;  Chem,  Centrbl.  1878,  208. 

1878:  ZZ.  M.  Berthelot.  Sur  la  decomposition  des  hydracides  par  lea 
metaux.  (Action  of  hydrochloric  acid  on  platinum  and  palladium.) 

Pt,  Pd. 

C.  R.  87  (1878),  619;  Ann.  chim,  phya.  f5),  16  (1879),  433;  J.  de 
pharm,  28  (1878),  521;  Bill.  soc.  chim.  I[3J,  31  (1879),  302. 

23.  J,  Volhard.  Die  Anwendung  des  Schwefelcyanammoniiims 
in  die  Maaasanalyse.  (Presence  of  palladium  in  estimation  of 
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Chem.  News,  37  (1878),  77. 
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1878:  24.    P*  de  Clermont  and  Frommel,     Sut  une  nouvelle  m^ode 

de  separation  de  rarsenic  dea  autres  m^taux.     (Separation  from 
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Elementaranalyse  der  Kohlenstoffverbindmigen.  Pt 

Ztsch.  anal,  Chem.  17    (1878),  1;  BuL  soc.  chim.   [2],  32   (18?9)» 
108;  Jsb.  Chem.  1878,  1070. 

1878:  30.     F.    W,    Clarke.     Some   specific   gravity   determinations. 

(Potassium  chlorplatinite.)  Pt 

Amer.  J.  Sci.  [3],  16  (1878),  206;  Ber,  11  (1878),  1504;  Chem.  New«» 

38  (1878),  214;  J.  Chem.  Soc  36  (1879),  295,  1005;  Jab.  Chem. 
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1878:  31,    W.  Hittorp.    Eechtfertigung  des  Satzes:  "  Electrolyte  rind 
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1878:  32,     F.  Mobges.     (Electrolysis  of  platintun  ehlorid.)  Pt. 

Gazz.  chim.  ital.  8  (1878),  479, 
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quent  treatment  of  precipitates  in  chemical  analysis.  ((Jooch 
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1878:  34.    T.  Gabsibe.    Mending  platinum  cniciblea*  Pt. 

Chcm.  News,  38  (1878).  65;  Chem.  Centrbl.  1878,  66<5:  Chem.  Ztgr* 
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28  (1878),  170;  Chem.  CentrbL  1S78,  442;  Chem.  News,  37  (1878), 
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1878:  42.    M.  Berthelot.     Sur  ks  affinit^s  relatives  at  d^placements 
riciproques  de  Toxyg^ne  et  des  ^kments  halogteea,  combines  avec 
lea  corps  m^talliques.     (Combinations  of  platinum  and   palla- 
dium.) Pt,  Pd. 
C.  R.  8fl  (1878).  628;  Ann.  chim.  phys.  [5],  15  (1878),  185;  Chem, 
Centrbl.  1878,  251;  Jsb.  Chem.  1878»  103,  112. 

43.  J.  Thomsex.  Thermochemische  Untersuchungen.  TJeber 
die  Constitution  der  wasserhaUigen  Salze.  (Chlorplatinates,  p. 
38  and  ff.)  Pt. 

J.  prakt.  Chem.  [2],  18  (1678).  1;  Chem.  Cehtrbl.  1878,  793,  809; 
Jab.  Chem.  1878,  88,  90. 

44.  J,  ViOLLE.  Cbaleur  sp^cifique  et  chaleur  de  fusion  du  palla- 
dium. Pd, 

C.  R.  87  (1878),  981;  Bui.  soc.  chim.  [2],  31  (1879),  293;  Chem. 
Crntrbl.  1879,  98;  Jsb.  Chem.  1878,  72;  J.  Russ.  Chem.  Soc.  11,  il 
{1S7D),  192. 

46.    R.  Sabike.    Motions  produced  by  dilute  acids  on  some  amal- 
gam surfaces.     (Platinum  amalgam.)  Pt, 
Sept.  Brit.  Assoc.  1878,  43rj;  Phil.  Ma^.  [5],  6  (1878),  211;  Ann* 
der  Phys.  Beibl.  2  (1878),. 613;  Jsb.  Chem.  1878,  1S4. 


1878: 


1878: 


1878: 
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1878:  46.  J,  Coquilliox.  Action  de  la  vapeur  d^eati  siir  les  hydrocftr- 
biires  porte  a  la  tempera ttire  rouge.  (In  presence  of  plattnuiu 
and  palladium  wire.)  Pt,  Pi 

C.  K.  86  (1878).  1197;  87  (1878).  795;  Bui,  soc.  chlm,  [2],  33  (18«^), 
177:  Chem.  News,  38  (1878)»  287;  Jsb.  Chezn.  1878,  367;  Gmi. 
chim.  itaL  9  (1879),  273. 

1878:  47.  A*  Chova,  Sur  la  rnesure  spectrom^trique  des  hautes  tem- 
peratures.    (By  platinum  fnil.)  Pt 

C.  R.  87  (1878),  979;  Jab.  Chem.  1878,  68. 

11878:  49.  J.  N.  Lockyer.  Besearches  in  spectrum  anah'sis  in  connec- 
tion with  the  spectrum  of  the  sun.     (Palladium  found  in  iho  sun.) 

Pd. 
Proc.  Roy.  Soc.  Lonflon.  27  (1878),  279;  C.  B.  86  (187S),  317:  Jsb. 
Chem.  1878,  185. 

1878:  50.  I).  Tommasl  Suir  azione  riella  cosi  delln  fonta  cata. 
spiegata  secondo  la  teona  termed  in  arnica.  (Action  of  platl 
sponge  on  gaseous  mixtures.)  Pt. 

Rendic.  Inst.  Lombard.  [2],  11  (1S78),  128;  Monit.  sctent.  21  (1S?9), 
StiO:  Ber.  11  (1878)»  811;  Chem.  Centrbl.  1878,  43:n  Jsb.  Chrro. 
1878,  9. 

1878;  51.  D.  Tommasi.  Ridnziono  del  cloruro  di  argento  c  del  cionir-^ 
ferrico.     (By  platinum.)  Pt. 

Hendic.  Inst.  Lombard.  [2],  11  (1878),  281;  J.  de  pharm.  2»  (lSt9}» 
291. 

1878:  52.  F.  HoPPE-SEYLEn.  Feber  Gahrung«prozesse.  (Action  of 
palladium-hydrogen  in  decay,  p.  21.)  Pd,l*t 

Ztisch.  phyaiol.  Chem.  2  (1878),  1;  Jsb.  Chem.  1878,  1025. 

1878:  53.    J.  II.  Gladstone  and  A.  Tribe,    Analogies  betwi'tn  (tr- 
action of  the  copper-zinc  eouide  and  of  occluded  and  nn^ctnt 
hydrogen.     (Reducing  action  of  palladium-hydrogen.)         Pt.  W. 
J.  Chem.  Soc.  33  (1878),  306;  Jab.  Chem,  1878,  191. 

1878:  54,     N.  Beketoff.     (Ermittehrag  dor  Warmecapacitat  des  Wfr?- 


aerstoffs  in  seiner  Legining  mit  Palladium.) 


Pil 


J.  Russ.  Chem.  Soc,  11,  i  (1878),  4;  Ber.  12  (1879).  686;  Bill.  »oiv 
chim.  {2|,  21  (1879),  197;  Chem.  CentrbL  Ik:*^-  ^r.^r  Jsb.  Chem* 
1879,  91;  J.  Chem.  Soc,  36  (1879),  590, 

1878:  55,    H.  F.  Morley.     On  Grove's  gaa  battery,     (Use  of  platinum 

plates.)  Pi. 

Phil.  Mft^.  [5],  5  (1878),  272;  Proc.  Phys.  Soc.  London,  2  (l^K 

212;  Ann.  der  Phya.  BeibL  2  (1878),  266;  Chem.  Nemi,  37  {t$nU 

78;  Jsb.  Chem.  1878,  140» 
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|S6«    6.   Cork.    On    the   thermo-electric    properties    of   liquids. 
[(With  platinum  and  palladium  plates.)  Pt,  Pd» 

Froc.  Hoy.  Soc.  London,  27  (1S7S).  513;  Ann.  der  Phys.  BeibL  2 
(1S7S),  617;  Jsb.  Chem.  1878,  135* 

|5T.  W,  Bketjs.  Ueber  die  Eleetricitaiserregung  beim  Contact 
fester  nnd  gasformiger  Korper.  (Contact  of  gases  with  platinum 
end  palladium,)  Pt,  Pd. 

Sltflcber.  Akad.  Moncben,  8  (1878),  UO;  Ann.  der  Phys.  (Pogg.) 
[2],  5  (1878),  1;  PhiL  Mag.  [5],  7  (1879),  1;  Jsb.  Cbem.  1878,  138. 

[S8.  P.  ExKER.  Ueber  die  galvanische  Polarisation  des  Platins 
in  Wasser,  Pt, 

Eitzher.  Akiul.  Wien,  77,  li  (1»78),  231;  Ans^ig.  Akod.  Wien,  15 
(1S78),  U;  Ann.  der  Phys.  (Fogg,),  [2],  7  (1878),  388;  Chem, 
CcntrbL  1878.  307;  Jsb,  Chera,  1878»  140:  Phil.  Mag.  [5],  S  (1878)» 
iOO;  J.  Chem.  Soc,  36  (1879).  578. 

[59.  H.  Herwio.  Ueber  die  zur  vollen  Ladung  einen  -condenaa- 
toripchen  Platinwasserzelle  erforderlich  Electricitatsraenge  und 
liber  die  IMatanss  der  Molecule  im  fliissigen  Waseer.  Pt. 

Ann.  der  Phys.  (Pogg.),  [8],  4  (1878),  465;  J.  Chem.  Soc.  3ft  (1879), 
194. 

[so.  V.  R088ETTI.  Indagini  sperimentali  suUa  temperatura  del 
noIe,  (Pouvoir  ^roisaif  du  platine.  Ann.  ehim.  phys.,  17:199, 
202.)  '  Pt. 

M^m.  Aecad.  Liocei.  Boma.  2  (187B),  160;  Ann.  chlm.  phyB.  [5], 
17  (1879),  177;  Nuovo  Cimento,  3  (1878).  23H;  Spectrofic.  itaL 
m^m.  7  (1878),  22;  Meteor.  Ztsch-  13  (1878),  420. 

'61.  C.  WiKKLBR.  Platiniring  porous  subBtaneea.  (Germ.  Pat. 
4566,  Sept  21, 1878.)  Pt. 

.T.  Amer.  Chem.  80c.  1  (1879),  3CM}. 

0.  LuTin\     Platinlager  in  den  Vereinigten  Staaten.     (In 
California,)  PL 

Chem.  Ztg.  3  (1879),  559;  Dlngl.  pol.  J.  240  (1881),  213. 

1 2.  P.  V,  Jemmejew,    (Platin  sand.)  Ft,  Ir, 
ZtAch.  Kryst.  3  (1879),  436;  jsb.  Chem.  1870,  1180. 

1 3,  A.  GtrTAHD  (H.  Tamm).  De  Touralium — ^un  nouveau  mital  de 
la  famille  du  platine.  Ur. 

Monit,  sclent,  fr*].9  (1879),  795;  Jab,  Cbem.  1879,  309;  Chem.  Ncwa, 
40  (1«79).  57;  J.  Frank.  Inst.  [3],  79  (1880),  «3;  Bui.  soc.  ehlm. 

It 
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1879;  4.     G,  Matthey.     The  preparation  in  a  state  of  purity  of  tlie 

group  of  metals  known  as  the  platinmn  series,  and  notes  upon  the 
mannfactnre  of  iridio-platiniini.  Pt,  Pd,  Ir.  Rh,  Os,  HtL 

Proc,  Roy.  Soc,  London,  28  (1879).  463;  Chem.  News,   39   (l*7ft), 
175,  J.  Chem.  Soc.  36  (1870),  772;  Jsb.  Chem.  1871>,  1100. 


1879:  5.     E,  J,  Jungfleisch.     Froc^de  de  preparation  d'iridimn. 
Bui.  soc.  china.  [2],  31  (1879),  50. 


Ir. 


1879:  6.    E.  H.  Sainte-Claihe  Deville  and  J.  H.  Debray,     Sut  la 

laurite  et  de  platine  f errif ^ro  artificiels.  Pt^  Bii. 

C,  R.  89  (1879),  587;  Ber.  12  (1879),  2269;  Chem.  CentrbL  1879,729; 
Chem.  News,  40  (1879),  203;  Din^L  poL  J,  236  (1880),  m  J. 
Chem.  Soc.  38  (1880),  222;  Jahrb.  Min.  1880,  Bef.  178;  Jstx  Chem. 
1879,  1184;  Ztsch.  Kryst  4  (1881),  420. 

1879:  7,     L.  Pitkin.     On  the  formation  of  compound  platinates  and  t 
new  platino-potassiiim  salt.    (Chlorobromoplatinate,)  Pt 

School  of  Minca  (N.  Y.)  Quart*  1  (1880),  64;  J.  Amer.  Chetn.  ikic 
1  (1679),  472;  Chem.  News,  41  (1880),  118;  Her,  13  (1880),  5<»; 
Chem.  Centrbl.   1880,  277;  J.  Chem.   Soc.  38   (1880),  706;  J«b, 

Chem.  1880.  362. 


1879:  8.     E.  Drechsel.    Ueber  Harngtoffnalkdiuinchlorfir. 


Pi 


J,  prakt.  Chem.  [2],  20  (1879),  469;  BuL  soc.  chim-  [2J,  34  (ISfiO), 
96;  Chem.  CentrbL  1880,  23;  J.  Chem.  Soc.  38  (1880)^  161:  J«b. 

Chem.  1879,  342. 

1879:  9.     W.  Heintz.     PlatinchloridTerbindiing  des  salzsauren  Harti- 

8t0ff6.  Pt, 

Ann.  Chem.  (Liebig),  198  (1879),  91- 

1879:  10.    S.  M.  Job'ieksen.     Beitrage  znr  (^ernie  der  Chroroamino- 
nialnTrbindungen,     (CMoroplatinates,)  Pt 

J.  prakt.  Chem.   [9],  20   (1879),   105;  from  Fefitschrift  bcim  *0i 
JiihresfcBte  der  Uniyersitat  Kopenhagen,  Juni  1879;  BuIL  ioc  . 

chim.  [2],  33  (1880),  199. 

1879:  11.    K.  BmNBAUjr.     Ueber  ein  neue^  Salz  einer  IridiiimbaaeL 

(Snlfit  des  Iridammoniums.)  Ir. 

Ber,  12   (1879),  1544;   RiiL  soc.  chim.   (2],  34  (1880),  158;  ChaiL 
CentrbL  1879,  659;  Chem,   News,  40   (1879),  300;  J.   Chem. 
38  (1880),  13;  Jsb.  Chem.  1879,  308. 

1879:  12.    P.  Gboth  and  L.  F.  Nilsox,    Ueber  Platojodonitriie:  by* 
stallographiache  irnd  chemische  Untersncbung.  Pt, 

Nova  Acta,  Soc.  Sci.  Upsala  [3],  10  (1879),  So.  16. 
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1879:  13.  L.  L.  be  Konikck.  Ueber  die  Angreifbarkeit  des  Platina 
durch  schmelzende  kohlensam-e  Alkalien.  Pt, 

Ztficli.  anal.  Chem.  18  (1879),  560;  Ber*  12  (1870),  2257;  Chem. 
CentrbL  1879,  819;  Chem.  News,  41  (1880),  25;  Chem.  Ztg.  3 
(1871*).  770;  Dingl.  poL  J.  235  (188D),  88;  J,  Chem.  Soc.  38  (1S80), 
581:  Jsb*  Chem,  1S7»,  1042;  J.  Russ,  Chem.  Soc.  12,  ii  (1880),  07; 
Chem.  tech.  Mitth.  (ElBner),  29  (1870-80),  5;  30  (1880-81),  218. 

14.  T.  A.  Edison.     Action  of  aqua  regia  on  platinum.  Pt. 
Scient.  Amer,  41  (1879),  216;  Chem.  Ztg^.  3  (1870),  650. 

15.  E,  Drechsel.     Elektrolytische  Versuche.    (PlatinelektrodeE 
auf  Ammoniiiinsalze.)  Pt. 

J,  prakt,  Chem.  [2],  20  (1870),  378;  Ber.  12  (1870),  2181;  Chem, 
Centrbl.  1879,  753;  J.  Chem.  Soc.  38  (1880),  30O. 

1879:  16.  A.  Volta.  L'ozono  sopra  alcuni  metalli  nobili.  (Platinum, 
p.  526;  palladium,  527.)  Pt,  Pi 

Gazz.  chim.  ital.  9  (1879),  521;  Ber.  13  (1880),  203;  J.  Chem.  Soc. 
3B  (1880),  205;  Jsb.  Chem.  1879,  192. 

1879:  17.     B.  Reinitzer.     (Terunreiiiigiiiigen  des  PlatinchloridB,)    Pt. 
Ber.  (Sater.  chem.  Geaell.  1879,  16;  DingL  poL  J.  234  (1879),  432. 

1879:  18.  F.  Seelheim.  Ueber  die  Fluchtigkeit  des  Platins  in 
(aiorgas.  Pt, 

Ber.  12  (1879),  2066;  J.  Amer.  Chem.  Soc.  1  (1879).  479;  Bui.  soc. 
chim.  [2],  34  (1880),  351;  Chem.  Centrbl.  1879,  818;  Chem.  News, 
40  (1879),  241;  41  (1880),  81;  J.  Chem.  Soc.  38  (1880),  94;  Amer. 
J.  Sci.  [S],  19  (1880),  65;  Jeb»  Chem,  1879,  M,  306;  Chem,  Ztg,  3 
(1879),  702. 

19,    V.  Meyer,     Antwort  auf  Herrn  P,  Seelheim^s  Kritik  meiner 
Versuche  iiber  das  Chlor.  Pt. 

Ber.  12  (1879),  2202;  J,  Amer,  Chem.  Soc,  1  (1879),  481;  Chem. 
Centrbl.  1880,  5;  Jab.  Chem,  1879,  51;  Chem.  Zt^.  3  (1879),  769. 

1879:  20.  W.  Smith.  Behaviour  of  chlorine  at  a  high  temperature,  op 
results  of  Victor  Meyer's  recent  research,  (Platinum  chlorids  aa 
a  source  of  pure  chlorin  for  vapor  density  determination.)  Pt, 

Chem.  XewB.  40  (1879),  49,  69,  155,  225;  Jab.  Chem,  1879,  51, 

1879:  21,  F.  P.  Dunkington.  Dissociation  of  chlorine.  (Platinum 
chlorids  ae  a  source  of  chlorin.)  Pt, 

Chem.  News,  40  (1879),  141,  213. 

I879:  82.    H.  Precht,    Die  Bestimmung  des  Kaliume  als  Kalium- 

platinchlorid.  Pt. 

Ztaeh.  anal.  Chem,  IS  (1879),  509;  Dlngl.  pol.  J.  235  (1880),  133; 

Ber.  12  (1879),  2255;  J.  Chem.  Soc,  38  (1880),  577;  Jab.  Chem. 

1879,  1043;  1880.  1173. 
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18T9:  23*     W.  F.  Gintl.  (Presence  of  auric  chlorid  in  platinum  chlorij.) 

R 

Ben  oestr,  G^sel.  Ford.  Chem.  lud.  1,  17;  Cbem.  Centrbl.  1B80, 

449;  Chem*  New8»  43    (1881),  25;  44   (1881),  47;  Chem.  Ztg.  3 

(1879),  653. 

1879;  24.     N.  W*  Perby.     Improved  method  for  making  platinum-allcqf 
aesajB.  Pt,  Ir,  Os,  Pd,  Bh,  Bil 

Chem.  News,  39  (1879),  89;  Eng.  and  Milling  J*  (N.  Y.),  27  {1ST9), 
29;  Berg  und  Hutlen  Ztg.  38  (1879),  372;  Din^L  poL  J.  240 
{1881),  217;  Ztfich.  anaL  Chem,  19  (1880),  83;  J.  Chem.  Soc  U 
(1S79),  655;  Jsb*  Chem.  1880,  1196;  Chem.  tech,  Mltth.  (Etencr). 
28  (1878-79),  35. 

1879:  25.     W.   Hempel.     TJeber  die  Grenze  der  Nachweisbarkeit  de§ 
Kohlenoxydgases.     (Miltelst  Katriunipalladiumchloriir.)  Pd 

Ztsch.  anal.  Chem.  18  (1879),  399. 

1879:  26.    W*   Hempel.    Ueber   die   ga8anal}*tisehe    Bestimmung  dtt 

Wasseretoff  durch  Absorption.     (Mittelst  Palladium.)  Pi 

Ber.  12  (1879),  636;  Jsb.  Chem.  1879,  1025. 

1879:  27.     W.  Hempel.     Die  fractionirte  Verbrcnnting  von  WssBertsUM 

imd  Sauerstoff.     (Mittelst  PaUadinm.)  Pd. 

Ber.  12  (1879),  1006;  Jab.  Chem.  1879.  27,  1025. 

1879:  28.     P.  de  Clermont.     De  Faction  des  sels  ammoniacaux  sur 

quelqnes  Bulfnres  m^talliques  et  de  Fapplication  des  faits  oheervifift 

k  Tanalyse.     (No  action  of  platinum  sul^ds.)  Pi* 

0.  R.  88  (1879),  972;  Bul.  aoc.  cMm.   [2],  31  (1879),  4«3;  Ber.  11 

(1879),  2092;  C.  B.  Assoc.  Frang.  8  (1879),  446. 

1879:  29,    P,  de  Clermont  and  Frommel.    De  Faction  de  Teau  snr  Ics 
sulfnres  m^talliqnes.     (Platinum,  p.  203.)  Pr, 

Ann.  chim.  phys.  [5],  18  (1879),  189;  Jsb.  Chem.  1879t  Itl* 

1879:  30.    H.  Top8()e.    Krystallografiske  TJndersogelser  over  en  Badcke 

Dobbelt-Platonitrite.  Pt, 

Oversigt.  Banske  Sels.  Forh.  EjobenhaTn,  1879,  1;  Ber.  12  (1879), 

1730;  Ztech.  Kryst.  4  (1880),  469;  Jsb.  Chem.  1879,  307;  ISaO,  .^A3. 

1879:  31.     E.  Lommel.    Ueber  die  dichroitische  Fluorescenz  dos  Mag- 

nesiumplatincyanura.  Pt 

Ann.  der  Phys,   (Pogg.)    [2].  8   (1879),  634;  SiUber,  Phy*.  Med 

Soc.  Erlangen,  12  (1880),  27;  Bepert.  Exp.  Phys.  16  (1880),  HI* 

1879:  32,    T.  J,  Parker.    On  some  applications  of  osmic  acid  to  micro* 
scopic  purposes.  Ob. 

J,  Roy.  Micros,  Soc.  2  (1879),  3S1;  Journ.  of  Sci*  (Crookc't?)  pj, 
1  (1879),  704* 
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\2Z.  B,  Althann.  Ueber  die  Verwerthbarkeit  der  Corrosion  in 
der  mikroskopischen  Anetomie,     (XTee  of  osmic  acid.)  Oa. 

ArcbiT  i,  milcros.  Anat.   16   (1879),  471;  J.  Eoy*  Micros.  8oc.  2 
(1879),  610;  Journ.  of  ScL  [3],  1  (1879),  704. 

[H,  E.  H*  Sainte-Claire  Deyille  and  E.  Maboabt.  Stir  la 
eoQAtniction  de  la  r^gle  geodesique  intemationale.  (Analyais  and 
propertieB  of  the  standard.)  Pt,  Ir,  Rh,  Bu. 

Ann.  Ecole  Normale,  Paris,  8  (1879),  9;  Ann.  chim.  pfays.  [5]*  It 
(1879),  506;  C.  R.  88  (1879).  210;  Dmgl.  pol.  J.  232  (1879).  547. 

fSB.  Vak  Allen,  [Letter  describing  John  Holland's  process  of 
drilling  boles  in  osmiridiam.]  Ir^  Os, 

J.  Frank.  Inst.  [3],  78  (1879),  72. 

1 36.    D.  Clerk  and  C,  A.  Fawsitt.     Coating  iron  and  steel  with 
itinum.     (Engl.  Pat.  118^,  Mar.  35,  187^,)  Pt. 

J.  Anusr.  Chem.  Soc.  2  (1680),  141;  Ber.  13  (1880),  585. 

r87.  J,  B.  A.  DoDE.  Coating  metals  with  platinum.  (Amer.  Pat, 
219807.)  Pt. 

J,  Amer.  Chem.  Soc  i  (1679),  407. 

I  38.  A.  P.  0.  Daumesnil.  Metalle  mit  schiitzenden  Ueberzug  zn 
vcmhen,  (Genn.  Pat.  Klaese  48,  No.  10059,  Oct.  18,  1879.) 
(Plating  with  platinum.)  Pt* 
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Bet*  13  (1880),  404;  Chem.  Centrb!.  1S80,  261;  Chem.  NewB,  42 
(laSO).  120;  J.  Chem-  Soc.  38  (1880),  445;  Jsb.  Chcra.  1880,  362. 
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chlorure  et  Tiodiire  du  palladium.  Pd. 
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(1880),  381;  Jsb.  Chem,  1880,  305, 

1880:  14.    W.  Spring.    Recherches  sur  la  propri^t^  que  possMent  ks 
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R. 

Sit/  uL  Wien,  SI,  ii  (1880).  196;  Ber,  13  (1880),  500;  Chem, 
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i:^d&. 


25.     H.  vox  JuPTNER.     Die  Trennung  des  Goldes  mittelst  Cad* 
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Ca  R.  91  CISSO),  8S2:  S^ttnc,  So<.\  Phys.  Paris,  1880.  196;  B«pert* 
Exp.  Phys.  17  (jssik  250:  Jsb.  Chem.  1880,  17 i. 
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1880:  44.  E.  H.  Hall.  On  a  new  action  of  magnetism  on  a  permanent 
electric  current.     (Platinum,  Phil.  Mag.,  p.  321.)  Pi 

Amer.  J.  Scl.   [3].  20   (1880),  161;  Phil.  Mag*   [5],  10   (1380),  »ai; 
Jab.  Chem.  1880,  172,  173. 

1880;  45.  H.  Helmholtz,  Ueber  Bewegungsstrome  am  polarimrten 
Platina.  Pt 

Monatsber.  Akad.  BerUn,  1880,  285;  Ann,  der  PbjB.  (Fogg*)  [2], 
11  (1880),  737. 

1881:  1.  W.  E»  Hidden.  Notes  on  mineral  localities  in  North  Caio- 
Una,     (Ko  platinum  in  five  localities.)  Pi. 

Amer.  J.  Sci.  [3],  22  (1881),  25;  Jfib.  Chem.  1881,  1347. 

1881:  2.    P.  Collier.     A  remarkable  nugget  of  platinum,      (From 

PlattBburgh,  N.  Y.;  with  analysis.)  Pt,  Pd,  Ir,  Os,  Kb,  Ku. 

Amer.  J.  Sci.  [3],  21  (1881),  123;  Zt«ch.  Kryst.  5  (1881),  515;  Jsb* 

Chem.  1881,  1347;  J.  Chem.  Soc  44  (1883),  426;  Jabrb.  f.  Uhju 

1883,  1,  Kef.  27. 

1881:  3.    .     Gold  and  platinum  in  Eusfiia.  Pt, 

Engineeringr*  31  (1851),  163;  DingL  poL  J.  240  (1881),  152;  J«  Chem. 
Soc.  40  (1881),  769. 

1881;  4.    .     Increased  importance  of  iridium.  Ir* 

Scicnt.  Amer.  44   (1881),  36»;  Berg  und  Hiitten  Ztg.  40  (18S1), 

327;  Chem.  Centrbl.  1882,  47. 

1881:  6.  T.  WiLM.  (Beitrage  zur  Chemie  der  Platinmetalle.)  (Puri- 
fication of  palladium;  precipitation  of  rhodium  and  pallsdium; 
aolntioB  of  platinum  metals  in  hydrochloric  acid;  rhodium  and 
hydrogen.)  Eh,  Pd,  Pt,  Ir,  Os,  Ril 

J.  Russ.  Chem.  Soc.  13,  i  (1881),  360,  517,  560;  Ber.  14  (1881),  M*. 
15  (1882),  241  (abat.);  Bui.  soc.  chlm.  [2),  36  (1881),  436;  37 
(1882),  344,  646;  38  (1882),  139,  167;  Chem.  Centrbl.  1881*  321; 
1882,  23,  153;  DingL  pol,  J.  240  (1881),  325;  244  (1882),  87;  J, 
Chem.  Soc.  40  (1881),  514;  Jsb.  Cbem.  1881,  306;  1862.  359,  1389; 
Chem.  Ztg.  5  (1881),  252;  Cbem.  tecb.  Mitth.  (EUner),  30  (1 
81),  210, 

1881:  6,    T.  WiLM.     (Ueber  daa  Verhalten  von  Palladinm,  Rhodium 

und  Platin  2u  Ivcnchtgas.)  Pd,  Rh,  PU 

J.  Hu&s.  Chem.  Soc.  13,  i  (1881),  400;  Ber.  14  (1881),  874;  Asver, 

Chem.  J.  3  (1881),  154;  Bui.  soc.  cbim.  [2],  36  (1861),  438;  Dlogi 

pol.  J.  241  (1881),  150;  J.  Cbem.  Soc.  40  (1881),  706;  Jsbw  Ghci^ 

1881,  307;  Chem.  Ztg*  5  (1881),  323,  "" 

1881:  7*     W.  GiBBS.     On  osmyl-ditetramin. 

Amer.  Chem.  J.  3  (1881),  233;  Ber.  14  (1881),  8880;  J,  Cham. 
42  (1882),  144;  Jeb.  Chem.  1881,  306;  J.  Bubs.  Chmu  Boe.  H  IE 
(1882),  207« 


BIBUOQRAPHT  OF  MBXAL8  OF  THE   PLATINITK  OHOtJP  189 

0.    Hbsse.     Neue    PlaiiiiBalze*     (Chlorplatinates    of    quinm 
derivatives,)  Pt. 

Ann.  der  Chem.  (Liebi^).  207  (1881),  309;  Chem.  News,  44  (1881), 
S3;  J.  Chem.  Soc.  40  (1881),  nZi  Momt.  Bcient.  23  (1881),  1U2; 
Ch«m.  Ztg.  5  (1881),  400. 

K,  Seubebt.    Ueber  das  Atomgewicht  des  Platins  (194.177). 

Pt. 

Ann.  der  Chem.  (Liebig).  207  (1881),  1;  Ber.  14  (1881)»  865;  Phann. 
ZUch.  Russ.  20  (1881),  25«J;  Amer.  Chem.  J,  3  (1881),  157;  Amer* 
J.  8cL  [3).  21  (1881),  398;  BuL  boc-  chim.  [2],  3G  (1881),  437; 
Cbem.  Centrbl,  1881,  321;  Chem,  News,  43  (1881K  252;  44  (1881)» 
82;  J.  Chem*  Soc  40  (1881),  514;  Jsb.  Chem.  1881,  6;  J.  Buss. 
Chem,  Soc.  14,  ii  (1882),  64;  Chcm.  Ztg.  5  (1881),  217;  Repert. 
nniU.  Chem.  1  (1881),  151. 

A.  Orlowsky.     (Affini^  between  platinum  and  eulf nr.)  Pt, 

J.  Buss,  Chem.  Soc,  13,  !  (1881),  547;  Ber.  1*  (1881),  2823;  J«b. 
Chem.  1881,  24, 

|ll.    £.  PoitBT.    Sur  lea  eombitiaisons  phosphoplatiniques.      Pt. 
C,  B,  92  (1881).  794;  BuL  BOC.  chim.  12],  35   (1881),  420;  Chem* 
CeotrbL  1881.  322;  Chem.  News,  43  (1881),  222;  J^b.  Chem.  1881, 
3(MS, 

[l2.     P.  ScHtJTZEKBEBOER.     Carbure  de  platine.  Pt 

BuL  Aoc.  chim.  [2],  35  (1881),  355;  J,  Buss.  Chem.  Soe«  14»  il  (1882), 

1 18.     F,  W.  Clarke  and  Mary  E,  Owens.    Some  new  compouiida 

of  platinum.     (Action  of  potassium  cyanate  on  platinum  tetra- 

leblorid  and  on  Magnus'  salt;  potaasium  thiocyanate  on  platinum 

[letnchlorid;  and  hydrogen  sulfid  on  strychnin  chloroplatinate.) 

Pt, 

Amer.  Chem.  J.  3  (1881),  Sfil;  Ber.  IS  (1882),  352;  Cliero.  News,  45 

(1882),  C2;  BuL  »oc,  chlm,   [2],  .H7   (1882),  400;  Chem.  CentrbL 

1882,   153;  J.  Chem,  Soc.  42  (1882),  299;  Jsb.  Chem.  1881.  305; 

ieni.  Proc.  Ohio  Mech.  Inst.  1  (1882).  45;  Chem.  Ztg.  6  (1SS2), 


14.    S.  M.  J6R0ENgEN.     Beitrage  zur  Chemie  der  Kobaltammo- 
niakTerbindungen.     (CfaloroplatinateB.)  Pt 

jT  J.  prakt.  Chem.  [2],  23  (1881),  227;  BuL  boc.  chim.  [2%  3G  fissn. 

H  311;  JBb.  Chem.  1861,  251, 

■  14a.    a 
m  (Platim 

i 


14a.    A.  CoLSOX.     Sur  la  dilTusion  des  solidea  dans  lee  solids. 
(Platinum  does  not  react  with  carbon.)  Pt, 

C.  K.  93  (1881),  1074;  Jsb.  Chem.  1881,  79. 
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1881:  15.    J*  Holland.    Process  of  fusing  and  motdding  indium,    (By 

fusion  vrkh  phosphorus.)     (IT.  S,  Patent,  241216;  D.  B*  p«t, 

15979,  May  10,  1881.)  Jr. 

J.  Amer.  Chem.  Soc.  3  (1881),  IfiS;  Dingt  poL  J.  244  (ISSZ}^  tm 

Oester.  Ztsch.  Bergr  uud  Hiitten  Wesen,  29  (1881),  676;  ClieiiL 

Ceutrbl,   1SS2,  334;  Jsb.  Chem.   1882.  1388;  Chem.   tech.   HUHl 

(Eisner),  .31  (1881-82),  105. 

1881:  16.     F.  W.  Clabke.     An  abstract  of  the  results  obhunea  in 
recalculation  of  the  atomic   weights.     (Platinum   metalfi,  PhiL 
Mag.,  p.  108;  Am.  C.  J.,  p.  271.)  Pt,  Pd,  Ir,  Rh,  Os,  Ba 

Phil.  Mag.  [5],  12  (1881),  101:  Amer.  Chem.  J.  3  {1881),  263;  JiU 
Chem.  1881,  7. 

1881:  17.  J.  Dewar  and  A,  Scott*  On  some  vapor  density  detenniiiA- 
tions.     (Platinum  bicblorid.)  Pt 

Eept.  Brit.  Assoc.  1881,  697;  Ann.  der  PhjB.  (Fogg.),  BeibL  T 
(1883),  149;  Jsb.  Chem.  1885,  48. 

1881:  18.    G.  Campari.     Rieerca  dclF  oro  e  platino  in  presenza  AtW 

arsenico,  dello  etagno  e  dell'  antimonio.     (Quantitative  separaticm 

of  platinum  from  arsenic,  tin  and  antimony.)  Pt 

Annali  di   ehlm.  74   (1882),  1;  Ber.  15  (1882),  958;  Chem,  Ztg.  % 

(1882),  1(>1. 

1881:  19.  F.  Field.  Jjaboratoiy  observations:  On  the  detection  of 
email  quantities  of  platinum;  action  of  organic  substances  in  re- 
action with  platinum  iodide  and  potassium  iodide  in  water  an- 
alysis. Pt  (Pd,  Eh). 

Chem.  New8»  43  (1881),  75,  180;  Ber.  14  (1881),  693*  1296;  Chem. 
Cetitrbl.  1881,  251;  J.  Chem.  Soc.  40  (1681),  649;  Ztscb.  momL 
Chem.  21  (1882),  421;  22  (1883),  252;  Jab.  Chem.  1882,  126^:1* 
Russ.  Chera.  Soc,  13,  11  (1881),  340, 

1881:  20.    D.  Lindo.    Estimation  of  potasaium  as  platinum  salt.      Pt. 
Chem.  Newa,  44  (1881),  77,  86,  97,  129;  Zt0ch.  Unal.  Chem.  tl  (1882), 

406. 

1881;  21.     G.  Ulex.    TJeber  Kaiibestimmung  als  Kaliumplatinchlorid. 

R 

Bepert.  anal.  Chem.  1  (1881),  306;  Zt«ch.  anal.  Chem,  22  (1883), 
560. 

1881:  2%,  R,  R.  Tatlock.  On  the  determination  of  potassium  as 
potassium  platino-chloride.  Pt 

Chem.  News,  43  (1881),  273. 

1881:  23.  S.  Zuckschwerdt  and  B.  West.  Ueber  die  Bestimmmig 
des  Kaliums  als  Kaliumplatinehlorid.  Pt 

Ztsch.  anal.  Chem.  20  (1881),  185;  Dingl.  pol.  J.  241  (1S$1>,  liO; 
Chem.  News,  43  (1881),  251. 
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2^,     0.  Wallach.     Zur  Analyse  von  organischen  Platinsaben. 
(Note.)  Pt. 

Bex.  14  (18«1),  753;  Bui.  soc.  chim.  [2]»  36  (1881),  575;  Chem. 
Centjrbl,  1S81,  3B1»:  J*  ChenL  Soc.  40  (1881)»  715;  Jsb.  Chem.  1881, 
UW4;  Chem.  New»,  47  (1883),  249;  Chem.  Ztg.  5   (1881),  289. 

I*,  Maoot.     8iiir  analisa  protistologiea  delle  acque  potabili. 

^(Om  of  palladium  chlorid  in  place  of  osmium  tetroxid  in  water 

mnalysid.)  Pd,  Os. 

Le  staxioni  sperinientali  agrarle  Ital,  11  (1882),  28;  Beudic.  Inst. 

Lorob.  ^iUauo,  14  (1881),  621;  Gazz.  chim.  ital.  13  (1883),  32'Sl 

B«\%  scient*  3  (1882).  661;  Jsb.  Chem.  1883,  1526. 

A*  TscniRiKOFP  (ScHlBiKOW),     (Use  of  palladium  in  esti- 
I  mation  of  hydrogen.)  Pd. 

J,  Riiss,  Chem.  Soc.  U,  i  (1882),  47;  Bui,  soc,  chim.  [2],  38  (1882), 
171;  Chem.  Centrbl.  1882,  821;  Jsb.  Chem.  1982,  59,  1203;  Ztsch. 
anal,  Chem.  22  (1883),  240;  Ber.  15  (1882),  958;  Ann.  der  Phyi, 
i^f^gg')  Heibl.  8  (1881),  62il;  Chem.  Ztg.  8  (1884),  188»;  Repert. 
ftnaLChem*2  (1882).  120, 

87,     [R.F]  ScHNKiBEB.    Ueber  das'  PaUadinmchloriir  als  Reagens 
auf  Kohlenoiyd.  Pd. 

IBepcrl,  anta.  Chem.  I  (1881),  54;  Chem,  Centrbl.  1881,  201. 
J8.    A.  Remont.     De  I'attaqut*  du  platine  sous  Tinfluence  de  la 
flamme.     (Crnciblee.)  Pt, 

Bui.  »oc.  chim.  |2],  35  (1881).  353  (note),  4SG;  Ber.  14  (JS81),  1304; 
Chem.  Centrbl.  1881,  440;  Chem.  News,  44  (1881),  16&;  J.  Chem. 
H         Soc.  40  (1881),  882;  J&b.  Chem.  1881,  304;  School  of  Mines  (N.  Y.) 
H         Quart,  a   (1882),  301;  J.  Buss.   Chem.  Soe.   14,   ii    (1882),  236; 
■         H^pert.  anal.  Chem.  1  (1881),  180. 

tl:  29.     C.  A.  M.  Balling.     Beitrag  znr  Volumetrie  einiger  Metalle. 
(Influence  of  platinum  in  quartation  of  gold  by  I'tidmium.)       Pt, 

Qester.  Zlsch.  Ber^-  und  Hiitten-Wescix,  2^  (1^81),  !il:  Chem,  Ztg. 
5  (IBSl),  113;  Jsb.  Chem.  1881,  1156. 

[80*    E.  LoMMBL.     Ein  Polarisationeapparat  sua  Magnefiiumplatin- 
cyaniir.  Pt, 

Sitzber.  PhyB,  Med.  Soc.  Erlangen,  13  (1881),  31;  Aim.  der  Phya. 
Pogg,   [2],  13  (1881),  347. 

31,    H.  Bush. 
loye.) 

Cetitralztg,  Optik.  Mech.  2  (1881),  30:  XWngl.  pol.  J.  240  (1881), 
316;  Poiyt.  NutizbL  36  (1881).  54;  ReperL  anaL  Chem.  1  (1881), 
»4. 
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Zur  Herstelltzng  und  Verwenq 


(Editorial  review.) 

Bingl.  poL  J.  240  (1881),  213;  J,  Chem.  Soc.  40 

1881;  33.    P.  C  ABA  MAJOR.     (Sew  filtering  apparatxis,)j 
J.  Amer.  Chem.  Soc.  a  (1881)»  125;  Cheixu 
Monit.  sclent.  24  (1882),  884. 

1881:  34.     0.  J.  Broch,  E.  II.  Saixte-Claire  DEViru 

De  la  r^gle  en  forme  d*X  et  en  platine  iridic  p« 

d'iridium.  Pt,  I^ 

Anti.  chlm.  phys.  [5].  22  (1881),  120;  J.  Chen 

1881:  35.     -^— .     (Platindnick.) 

Photog.  Archiv,  27  (1881),  2;  Chem.  Centrbl.  181 
J.  240  (ISSl),  405;  J.  Chem.  Soc.  42  (1882). 
1342. 
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1881:  36.    E.  Baumakn.     Zur  Kenntiiiss  des  aktiren 

ladiiunwasseretoff.) 

Ztsch.  physfoL  Chem.  5  (1881),  244. 

1881:  37.    J.  ViOLLE.    Sur  la  loi  de  rayonnemem 

neuses  des  radiations  emises  par  le  platine  incan 
C.  R.  92  (1881),  866.  1204;  J.  Chem.  Soc.  40  (1881 
1881.  116;  PMl.  Mag.  [5],  13  (1882),  147. 

1881:  38.    E.  L.  Nichols.    Note  on  the  electrical  m 
coefficient  of  expansion  of  incandescent  platinun 

Proc.  Amer.  Assoc,  1881,  24;  Amer.  J.  Sci.  [3 
PMl.  Mag.  [5],  13  (1882),  38;  Ber.  15  (1882),  5iN 
(1882),  354;  Jsb,  Chem.  1881,  94;  1882,  149. 

1881:  39.    F.  Streiktz.     Ueber  die  durch  Entladnn 

Flaschen  hervorgeruf  ene  Zersetznng  des  Wasaers 

den.  ; 

Sitzber.  Akad.  Wien,  83,  ii  (1881),  618;  Anzeig^ 

(1881),  67;  Ann.  der  Phys,  (PoggO»  [2],  13  (IW 

1881:  40.    G.  H.  Johnson.     On  the  synthetical  prodia<i 
by  the  combination  of  hydrogen  and  ni 
heated  spongy  platinum. 

J.  Chem.  Soc.  39  (1881),  128,  130;  J,  Bua«. 
146. 
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1882:  1.    A.  vojr  Lasaitlx.    Ueber  einen  ansgezeiehn^ 
dunklem  Oamiridinm  aus  dem  Ural*    (Cryatalloj 
Sitzber.  Kiederrheln,  Gescll.  Bonn,  39  (ISi 
(1864),  303;  Jsb,  Chem.  1884,  1902. 
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i  2,    W.  H.  Sbahox.    EjcaminatioTi  of  gold,  silver,  etc.,  alloys  found 
in  grains  along  with  the  native  platinum  of  Colombia,  S.  America, 

Pt, 
Chem.  News,  40  (1882),  215;  J.  Cbem.  Soc.  44   (1883),  160;  Jsb. 
Chem,  1882,  1522, 

8»     W.    H.    Seamon,     Analysis    of    native    palladimn-gnld    from 
Taguaril,  near  Subara,  province  of  Minas  Oeraes,  Brazil.  Pd. 

Chem,  News,  46  (1882),  216;  J,  Chem.  Soc.  44  (1883),  160;  Chenu 
C^ntrbl.  1882.  819;  Jsb.  Chem.  1882.  1522. 

4.  J.  W.  Mallet,     Comment  on  W.  H.  Seamon's  analysis  of 
palladium-gold  from  Brazil.  Pd. 

Cbem.  NewB,  46  (1S82),  216;  Jsb,  Chem.  1882,  1522. 

5,  J.  n,  Debray,     Note  snr  la  reproduction  des  ogmiures  d'iri- 
dinm.  Fr,  Ob* 

C.  R.  95  (1882),  878;  BuL  soc.  chim.  [2],  39  (1883),  520;  Chem. 
CtMitrbl,  1883,  4;  Chem.  Newa,  46  (1882),  280;  J.  Chem.  Soc,  44 
(1S8.4),  298;  ,T.  Ku88.  Chem.  Soc.  15.  il  (1883),  424;  Chem.  Ztg,  6 
(1882),  1318. 

1 6.    E,  H*  SArNTE-CLAfRE  Deville  and  J.  H.  Debray.     Note  sur 
qnelqnes  alliages  e^tplosifs  du  Tine  et  des  m^taiix  du  platine. 

Pt,  Pd.  Ir.  Oa.  Rh,  Rn, 
C.  R.  94   (1882),  1657:  Chem.  Centrbl.  IflHS,  468;  Chem,  News,  46 
(18H2),  10;  Jab.  Chem,  1882,  umi  J.  Russ,  Chem.  8oe,  15,  U 
(1883).  15:  Ann*  der  Phys.  (Fogg.)  Beibl.  6  (1882).  655. 

A*  DiTTE.     Recherches  relatives  au  protoxyde  d'l^tain  et  a 
qnrlqnes  une  drr  eeg  composes.     (Palladium  tin  aud  platinum  tin 
)  Pt,  Pd. 

Atm,  ohim.  phjs.  [5],  27  (1882),  145;  C.  R.  94  (1882).  1114;  J. 
Chem,  Soc.  42  (1882),  808;  PhiL  Mag.  [5],  14  (1882),  152. 

f.     B.  Oerdks.     TJeber  die  bei  Elektrolyse  des  earbamiiigaurea 
imd  koblrnsauren  Ammons  mit  Wechseletrdmen  und  Platinelek- 
troden  entstehenden  Platinbasen.  Inaug.  Diss.  Leipzig,  1882.  Pt. 
J.  prakt,  Chem.  [2],  2i^  (18S2).  257;  Biil.  aoc.  chim.  [2].  39  (1883). 
a4;  Chem.  CentrbL  1883,  132;  J.  Chem.  Soc.  44   (1883),  27;  J»b. 
1882,  160;  J.  Russ.  Chem.  Soc,  15.  ii  (1883),  455. 

E.  Drechsel.     TJeber  die  Ammonplatindiamrooniumverbin- 
dtingcn.     (Criticism  of  B,  Gerdes,)  Pt. 

J.  pnikt.  Chem.  [2],  26  (1882),  277;  J.  Chem.  Soc*  44  (1883),  28. 

0.    8.   M.   J5roensbn\    Beitrage    zur  Chemie   der   Chromam- 

manJakrerbiiidungen,    (Ch\^  utes  of  chromium  bases.)  Pt* 

3,  prakt.  Chem,  [2],  2r»  (l^  i,  398;  Jsh.  Chem.  1888,  309. 
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1882:  11.    S.  M,  JdiRGEKSEX.    Beitrage  zur  Chemie  der  Rbodjtii] 
BioninkverViincliingen.     (Varliiiiiige  Mitibeilung,)  Bh,l 

J.   prakt.   Cheoi,    [2],    25    (1882),   316;   Chem.   C^ntrbl.    lifS2,   4^J 
CheiB.  News,  46  (1882),  67;  J*  Chem.  Soc.  42  (18S2),  1173;  Jsb 

Chem.  1882,  360. 

1882:  12.     F.  W.  Clarke.     "A  recalculation  of  the  atomic  weigUti,'j 
Constants  of  Nature,  Part  Y.  Smithsonian  MisceUaneous  Colle 
tions,    Washington,    1882.     (Platinum    metals,    p.    249;    atomic 
weight,  Pt  ^  194.867;  Pd  —  105.981;  Ir  =  193;  Rh  =  104.2S52 
Os  —  199.648;  Eu  =  104,457;  0  =  16.)        Pt,  Pd,  Ir,  Rh,  Os,  Bu 
Ztfich.  anal.  Chem.  22  (1883),  302. 

1882:  13.    C.  W.  Siemens  and  A.  K.  Huktinotok.     On  the  electric 
furnace.     (Fusion  of  platinum  by  electricity.) 

Kept.  Brit.  Assoc.   1882,  496;  Chem.  News,  46    (188S)»  163;  Jsb.| 
Chem.  1882,  1354. 

1882:  14.    W.  L.  Dudley.     Holland's  process  for  melting  iridium*  (By 
use  of  phof^phorufi.)  IrJ 

Scient.  Proc.  Ohio  Mech,  Inst.  1   (1882),  35;  Trans.  Amer.  MiftJ 
Eng^-  12  (1883),  557;  Chem.  News,  45  (1882).  168;  Bcr.  15  a5*2)J 
llfiO;  X  Chem.  Soc.  42  (18S2),  703;  Jsb.  Chem.  1882,  1388;  1884.  ' 
1719;  Monit.  &cient,  p),  14  (1884),  1170;  Repert,  anal.  Chem,  3 
(1882),  190. 

1882:  15.     R.  B.  Warder.     Kote  on  W.  L.  Dudle/s  paper  on  Hollaniri  | 
process  for  melting  iridium.  Ir. 

Scient.  I'roc.  Ohio  Mech.  Inst.  1  (1882),  39. 

1882:  16.     T.  Wtlm.     (Oxidation  of  platinum  metals.)      Pd,Rh,IrJ 

J.  Russ.  Chem.  Soc.  14»  i  (1882).  240;  BuL  soc.  chim.  f2),  38  (1^!*2»J 
^^l;  Ber.  15  (1882),  2225;  Chem.  Centrbl,  1882,  700;  J  eh.  Che. 
1882,  359. 

1882:  17.     l'Abbe   Mailfert.    Recherches  sur   Tozone.     (Action   mT 
palladium  compounds.)  Pd.  Pt.  ^ 

C,  R.  94  (1882),  860,  1186;  Jsb.  Chem.  1882,  224, 

1882:  18.    E.  Muldek  and  H.  O.  L*  tax  dee  Meflex*     Ozon  t-egenover 

platinazwart.     (Action  of  platinum  black  on  ozone.)  PtJ 

MededeeL  Akad.  Amsterdam,  18  (1883).  170;  Rec  traT,  ehim.  de^ 

Pays  Baa,  1  (1882),  ltJ7;  Ber.  16  (1883),  386;  Bid.  soc.  ohLDu  pjj 

42  (1884),  242;  Jsb.  Chem.  1882,  223. 

1882;  19.    A.  Gavazzi.     Studio  sopra  alcune  reAsionl  dell'  idro^a 
fosforato  gaaaoso.     (Action  of  phosphin  on  platinum  cliiorid.) 

Accad.  Bologna,  June  14,  1882;  Oazz.  chim,  itaL  13   (19113)^  321  jl 
Jsb.  Chem.  1883,  437. 
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1882:  20.  F*  Hofmeister,  Jr.  Ueber  die  physiologiflche  Wirkung  der 
Flatinbasen.  Pt. 

Arch,  ejepen  Path.  16  (1882),  303:  Jsb^  Cbem.  1882,  1225;  B«r  16 
(1883),  1508. 

1882:  21.  H.  Topsoe.  KrystallografiBk-keniiske  Undersdgel&er  oyer 
homologe  Forbindelser,     (Chloroplatinates.)  Pt. 

Oversigt.  Danfik.  YId.  Sels.  EJdbeBharTn,  1882,  l;  Ann.  der  Pliys. 
(Pogg.)  BeibL  7  (1883),  826, 

1882:  22,  P.  E.  Lecoq  de  Boisbaubran.  Separation  do  gallium. 
(From  platinum  and  palladium.)  Pt,  Pd. 

C.  R.  95  (1862),  1332:  Chem.  News,  45  (1882),  207,  228;  J,  Uhmn, 
Soc.  U  (1883),  294;  Jsb.  Chem.  1882,  1296. 

1882:  23.  C.  E.  Fresenius.  Ziir  Bestimmmig  des  Kalis  als  Kaliuni- 
platinchlorid.  (Nach  der  neuen  Bestimmung  des  Platinaquiva- 
lenta  durcti  Seubert.)  Pt. 

ZtBcli.   anal.    Chem,   21    (18S2),   234;   Jsb.    Chem.   1882,    1282. 

1882:  24-    X  Post.     (Recovery  of  platinum  cMorid  residues.)  Pt. 

BeiitHch-Amer.  Apothek.  Ztg,  3  (1882),  Aug.  15;  Chem.  NewB.  46 
(1882),  2-13. 

1882:  25.  T.  P.  Blunt.  Note  on  the  use  of  platinic  chloride  as  an 
indicator  in  the  determination  of  free  iodine.  Pt. 

Analyst,  7  (1882),  135, 

1882:  26.  A.  D.  tan  Eiemsdijk.  (Cupellation  of  gold  in  presence  of 
platinum  raetalB.)  Pt,  Pd,  Ir,  Rh,  Os,  Ru. 

MededeeL  Labor*  Bijk«.  Munt.  1882,  No.  5;  Bee.  trair.  chim.  des 
Pays  Baa,  1  (1882),  188;  Ber.  16  (1883),  387. 

1882:  27.    .    TJeber    Platinimng    zinneraer,    mes-singemer, 

weissblechener  und  kupfemer  Gcrathschaften.  Pt. 

Pharm.  Centrh.  23  (1882),  88;  Chem.  CentrbL  1882.  384;  J.  Chem. 
Soc.  42  (1882).  1145;  J.  Soc.  Chem.  Ind*  1  (1882),  323. 

1882:  28.  W.  Spring.  Bildung  von  Legimngen  durch  Druck.  (Plati^ 
num-Bilver  alloy,)  Ft, 

Ber.  15  (1882),  595;  Jsb.  Chem.  1882,  1357, 

1882:  29.     B.  J.  Grosjean.     Filtration  under  pressure 
num  discs.) 

Chem.  News,  45  (1882),  167. 

1882;  80.    P.  Casamajor,     Note  on  filtering  discs  (of  platinum). 
Chem.  New8,  46  (1882),  8. 


(Use  of  plati- 
Pt, 


Pt. 


196 


BIBLIOGRAPHY   OF   MEXAI^S   OF   THE   PULTINITM   OEOUP 


1882:  31.    J.  C.  Hoadlet.    The  specific  heat  of  platinum,  and  the  use 

of  this  metal  in  the  pyrometer.  Pi. 

J,  Frank.  Inst.  [3],  84  (1882),  91;  Ann.  der  Phys.  (Pogg^.)  Beibl.  6 

(1882),  864;  Jsb,  Chem.  1882,  99. 

188)^:  32*     J.    C.    HoADLEY.     Observationfl    with  the    platinum-water 
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J.  Frank.  Inst  [3],  84  (1882) »  1(59. 

1882:  33.     J.  C.  Hoadlet.     The  platinum-water  pyrometer.  Pt, 

J.  Frank.  Inet.  [3],  84  (1882),  252;  Chem.  News,  47  (1883).  ITI; 
Aub,  der  Phys.  (Pogg.)  Beibl.  7  (1883),  25;  J.  Cbem.  Soc  44 
(1883),  769;  JaK  Chem.  1883,  114;  Chem.  Ztg.  7  (1683),  585. 

1882:  34.     S,  Kaltscher.     Ueber  die  Molekularstructur  der  Metalle. 
(Platinum,)  Pt. 

Ber.  15  (1882),  702;  Rcpert.  Exp.  Phya.  18  (1880).  292;  Jsb.  Ch«m 
1882,  262. 

1882:  36.     A.  Colson.     Sur  la  diffusion  des  solides.     (Silicids  of  plati- 
num.) Pt. 

C.  R.  94  (1882),  26;  Jsb.  Chem.  1S82»  87. 

1882:  36.     P.    Schtjtzenbergeb    aod    A.    Colson.      Sur    le    silieiura. 
(Platinum  Bilicids  in  the  flame.)  Pit 

C.  R.  94  (1682),  1710;  Ber.  15  (1882),  2231;  Jab.  Chem.  188^  2ea. 

1882:  37.     W.  N".  Hartley.     Kote  on  certain  photographs  of  the  nltrt- 

violet  spectra  of  elementary  bodies.    (Of  platinimi  and  palladiujn*) 

J.  Chem.  Soc.  41  (1882),  84;  Jab.  Chem.  1882, 180.  Pt,  Pd. 

1882:  38.     A.  Joannis,    Chaleurs  de  formation  des  princtpaux  com- 

pos^B  paUadeux.  Pd. 

C.  H.  95   (1882),  295;  Chem.  Centrbl.  1882,  582;  Chem.  News,  46 

(1882),  113;  J.  Chem.  Soc.  42  (1882).  1258;  Jab.  Cbem.  1S88.  133, 

360;  J.  Russ,  Chem.  Soc.  15,  ii  (1883).  14. 

1882:  39.    ^L  Berthelot.    Recherches  sur  Tabaorption  des  gax  par  le 
platine.  Pt. 

C.  R.  94  (1882),,  1377;  Ann.  chim.  phja.  [5],  30  (1883).  519;  Bui 
soc.  chim,  39  (1883),  109;  Chem.  Centrbl.  1882,  457;  Chem,  News, 
45  (1882).  2ti2:  X  Chem.  Soc.  42  (1882),  1022;  46  (1884),  702:  J.  de 
Pharm.  6  (1S82).  5;  J.  de  Phys.  1  (1882),  341;  Jsb,  Chem,  ISSt, 
60;  1883,  74:  J.  RusB.  Chem.  Soo.  15,  U  (1883),  2;  Chem,  Ztg.  8 
(1884),  264, 

1882:  40.     M.  Traube.     Ueber  Aktivirung  des  Sauerstoffs.     (Action  of 
palladium-hydrogen.)  Pi 

Ber.  15  (1882),  6.'>d,  2421,  2434;  Jsb.  Schlea.  Qe^eU.  Breslao,  USI» 
125, 128;  Jsb,  Chem.  1882.  218. 
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41,    M*  Traube,    TJeber  die  Oxydation  des  Kohlenoxjdg  durch 
Palkdiumwasserstoff  tmd  Sauerstoff.     {Vorlaufige  Mittheiluiifr.) 

Pt,  Pd. 
Ber.  15  (1882),  2325;  BuL  soc.  chim.  [2],  39  (1883),  210;  Jab.  Chem. 
1882«  250;  Hepert.  anal.  Ghem.  2  (1882),  381;  Chem.  Ztg.  6  (1882), 
1251. 


1882: 


1882: 


1883: 


1882: 


42*    M.  Traitbe.     Ueber  das  Verhalten  von  Platin  oder  Palla- 

diimi  gegen   Kohlenoxyd   oder   Wasseretoff  bei   Gegenwart   von 

Saiierstoff  und  Wasser.     (Vorlaufige  Mittheilung.)  Pt,  Pd. 

Ber.  15  (1882),  2854;  Bill.  boc.  chitn.  [2],  39  (1883).  447;  DingL  pol. 

J.  247   (1883),  95;  Jsb,  Chem.  1882,  250;  J.  Amer.  Chem.  Soc.  5 

(1883),  62. 

43.  6.  PoLONi.  Nuovo  metodo  p€r  detenninare  TinterBa  con- 
dncibiliti  relativa  dei  metalli  pel  calore.  (Heat  conductivity  of 
platinuni.)  Pt. 

Bendlc.  Inst.  Iiomb.  Milano  [2],  15  (1882),  386;  Ajin.  der  Phya, 
(Pogg-)t  Beibl.  7  (1883),  34;  Jsb.  Chem.  1883,  115. 

44.  F.  Braun.  Ueber  galvanieche  Elemente,  welche  angeblieh 
niir  anB  Grundstoffen  bestehen,  nnd  electromotorischen  Nutz- 
effect  chemischer  ProceBse.     (Between  platinum  and  eblorin.)  Pt. 

Ann.  der  Phjs-  (Fogg:)   [2],  17  (1882),  593;  Jsb.  Chem.  1882,  146. 

46.  B.  J.  GoossENB.  Ueber  die  metaOische  galvanieche  Kette 
von  Perry  imd  Ajrrton.     (Platinirm-niagneeium.)  Pt, 

Ann.  der  Phys.  (Pogg.)   [2],  16  (1882),  551;  Jsb.  Chem.  1882,  141. 

1882:  46,    F.  Stbeintz,    EiperimentaluntersnchnngeB   iiber  die  gal- 
vaniBche  Polansation.  Pt,  Pd. 

SltsBbep.  Akad.  Wien,  86,  ii  (1882),  216;  Ann.  der  Pbyi.  (Pogg.) 
[2],  17  (1882),  841;  Jeb.  Chem,  1882, 162. 

1.  C.  Glaus.  Fragment  einer  Monographie  des  Platins  und  der 
Platinmetalle,  1865-1883,  St.  Petersburg,  1883.  (Posthumous 
work  containing  bibliography  of  the  platinum  metals  to  1861.) 

Pt,  Pd,  It,  Rh,  Os,  Ru. 

1833:  lA.     T.  WiLM,     Ueber  die  magnetische  Eigenschaft  von  Platinerz. 

Pt. 
Ber.  10  (1883),  664;  Chem.  Newa,  48  (1883),  249;  DLngl.  248  (1S83), 
345;  J.  Chem.  Soc.  44  (18S3),  859;  Jsb.  Chem.  1883,  231. 

1883:  2.    T,  Wilm.     Vorlaufige  Mitthcilung.     (New  metal  in  platinum 

ore.)  — ,  Pt,  Pd,  Ir,  Kh,  Os,  Ru. 

J.  Bubs.  Chem.  Soc.  15,  1  (1683),  361;  Ber.  16  (1883),  1298;  Btil. 

soc.  chim.  [2],  41  (1884),  179;  J.  Chem.  Soc.  44  (1883),  954:  Jsb. 

Chem.  1883,  456;  Chem.  Ztg.  7  (1883),  803. 
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1883:  3.     T.  Wilm.     Zur  Chemie  der  Platiametalle.     (Verarbeittmg  der  ] 
Platinerze.)  Pt,  Pd,  Ir,  Rh,  Os,  Bu. 

Ber.  16  (1883),  15^4;  Dingl.  pol.  J.  249  (1883),  280;  J.  Chem.  Boc 
44  (1883).  1057;  Jftb.  Chem.  1883,  457;  Bui.  Boc  chim.  [2],  41 
(1884),  255. 

1883:  4.     W.  De  la  Bue  and  A.  W.  MttLLER.     On  the  electric  discharge 

with  the  chloride  of  silver  battery.  (Formation  of  a  volatile  hydro- 
gen palladium  compound,  p.  482.)  Pi 
PML  Trans.  London,  174  (1883),  477, 


1883: 


1883: 


1883: 


1883: 


1883: 


5.  T.  Wilm.     Ueber  ein  neues  Rhodinmsalz.     (Rhj^Cl,,  SNH^Cl, 
7Aq.)  RL 

J.  Euss*  Chem.  Soc.  15,  i  (1S83),  613;  Ber.  U  (1883)^  3033;  J.  Chem. 
Soc,  46  (1884),  661;  Jsb.  Chem.  1883,  453:  Bui.  Boc.  cMm.  [2J^ 
(1884),  392« 

6.  J.  H.  Debrat.    Note  sur  un  nouveau  compod^  du  rhodium. 
(Oxysulfid.)  Ht 

C.  K,  97  (1883),  1333;  Ber.  17,  ii  (1884),  6;  Bui.  soc  eliim*  [3],  42 
(1884),  246;  Chem.  CentrbL  1884,  56;  Chem.  Newe,  49  (1884),  21; 
J.  Rubs.  Chem.  Soc.  16,  ii  (1884) »  130;  J.  Chem,  Soc  46  (18S4), 
400;  Jsb.  Chem,  1883,  439. 

7.  P.  E.  Lecoq  de  Boisbaubban,    Reactions  trte  eeoaiblee  dee 
selB  d'iridium.  Ir, 

C.  R.  D6  (1683).  1336;  Ber,  16  (1883),  1394:  Chem,  Centrbl.  1883, 
459;  Chem.  News,  47  (1883),  240;  J.  Chem.  Soc  44  (18B3),  90S; 
Ztsch.  anaL  Chem.  26  (1887),  80;  Jsb,  Chem,  1883,  437»  15S3. 

8.  P,  E.  Lecoq  de  Boisbaudean.    Examen  d'un  stdfate  double 
d'iridinm  et  de  potaese.  Ir. 

C.  R.  96  (isan),  1406;  Ber.  16  (1883),  1494;  Chem,  News,  47  (1883). 
257;  J,  Chem.  Soc.  44  (1883),  905;  Jsb.  Chem.  1883,  437,  1SS3. 
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Remarques  sur   le  Bul&tt| 
It. 


9.    P.  E.  Lecoq  de  Boisbaddban. 

violet  d'iridium. 

C.  R.  96  (1883),  1551;  Ber.  16  (1883),  1678;  Bui.  soc  chlm.  (21,  40 
(1883),  299;  Chem,  CentrbL  1883,  458;  Chem.  News,  47  (1883),  I 
293;  J.  Chem.  So<;.   44   (1883),  1057;  Jsb.  Chem.  1S83,  437,  1333; 
J.  Russ.  Chem.  Soc  16,  ii  (1884),  43. 

1883:  10.    F.  W.  Claeke  and  0.  T.  Joslin.    On  some  phosphides  of| 
iridium  and  platinum.  Ir,  Pt  (Pd,  Rh,  Ru,  Oi), 

Amer.  Chem.  J.  5  (1883),  231;  Chem.  News,  48  (1883),  285:  B«L 
Boc  ehim.  [2],  41  (1884).  636;  Chem,  CentrbL  1884,  5«;  J.  Chem. 
Soc  46  (1884),  400;  Jsb.  Chem.  1833,  439;  Chem.  Ztg,  7  (188S)« 
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1883:  11.  J.  M.  LoviN.  Ueber  einige  SchwefelsubstitutiDDsproducte 
der  PropioDfiaure.  (TMomilchsaures  Platin*)  Inaug.  Diss.  Lund, 
1883.  Pt. 

Ber.  16  (1883),  789;  Jsb,  Chem.  1883,  1048. 

1883:  12.  P.  T,  Cleve.  Om  samarium.  (Chloroplatinate  and  platino- 
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1883;  13.  S.  M,  J5bgensen.  Beitrage  znr  Chemie  der  Rliodiumam- 
luoniakverbindtingen.  (Anch  Yorlaufige  Versuche  iiber  das 
Atomgewicht  des  Rhodiums,  p.  486.)     (Rh  =  103.)  Eh. 

J.  prakt.  Chem,  [2],  21  (1883).  433;  Ber.  16  (1983),  1862;  Bui.  boc. 
chim.  [2],  41  (1S84),  24;  Chem.  Ceatrbl.  1883.  502;  Chem.  News, 
48  (1883),  58;  J.  Chem.  Soc.  44  (1883),  1058;  Jsb.  Cheiiu  1883,  440. 

1883;  14.  L.  Meyer  and  K,  Secbeet.  "Die  Atomgeirichte  der  Ele- 
mente  aus  den  Originalzahlen  neu  berechnet/*  Leipzig,  1883. 

Pt,  Pd,Ir,  Rh,  08,Rii, 
Chem.  News,  48  (1883),  211;  Ztsch.  anal.  Chem.  22  (1883),  639. 

1883:  15.     L.  OPiFicitrs.     Darstellung  von  Platinchloridlosung.         Pt. 
~  Polyt.  Notizbl.  38  (1883),  166;  Ztsch.  anal.  Chem.  23  (1884),  207; 

Chem.  News,  50  (1884),  34. 

1883:  16*  W.  Oeohskeh  de  Coxikck.  Action  de  I'eau  bouillant  sur  les 
chlorplatinates  ]tyridiquefi  et  quinoleiqnes,  Pt. 

Bui.  soc.  chim.  [2],  :i9  (1883),  263.  498;  42  (1884),  610. 

1883:  17.  A.  Levallois,  Reactions  du  Bulfure  de  plomb  sur  lea 
chlorures  m^talliques.     (On  platinum  chlorid.)  Pt. 

C.  R.  96  (1883),  1666;  Jsb.  Chem.  1883,  395. 

1883:  18.  G.  Gore.  Reduction  of  metallic  solutions  by  means  of  gaaes, 
etc.     (Chlorids  of  platinum  metals.)  Pt,  Pd,  Lr, 

Proc.  Phil.  Soc.  Birmiiigrham,  4  (1883-85),  61;  Chem.  News,  48 
(1883),  295;  Jsb.  Chem.  1883,  336. 

1883:  19.  W.  Kokig.  Ueber  die  optischen  Eigenscbaften  der  Platin- 
cyaniire.  Pt. 

Ann.  tier  Phya.  (Poggr.)  [2],  10  (1883),  491;  Jsb.  Chem.  1883,  254; 
Chem.  Ztff.  7  (1883),  767. 

1883:  20,    C*  W.  Blomstrand.    Zur  Frage  iiber  die  Sattigungscapacitat 
der  Qnmdetoffe,  insbesondere  des  Schwefels,     (Correspondence 
between  the  sulfur  and  nitrogen  bases  of  platinum,  p.  189.)       Pt. 
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Chexn.  Centrbl.  1885,  642;  Jsb.  Chem.  1185,  395;  J.  Chem.  8oc.  50 

{1886)«  17. 

1885:  9*  n.  M0168AN.  Action  du  platine  au  rouge  8\ir  les  fluomres  Ae 
phoBphore.  Ti. 

C*  R.  102  (1885),  753;  Ber.  19  (1986),  286;  Bui.  soc,  chim-  [X 
(1891),  454;  Chem.  News,  53  (1886),  191;  Jsb*  Chem.  1886,  ' 
J,  Chem.  Soc.  50  (1886),  592;  Chem.  Ztg.  10  (1886),  Rep.  90. 

1885:  10.     A.  B.  Griffiths.     Carbides  of  platinnm  formed  at  comj^tti^ 
tively  low  temperatures.  Pt 

Chem.  News,  51  (1885),  97;  Ber.  18  (1885),  258;  J.  Chem.  Soc  «8 
(1885),  487;  Jsb,  Chem*  1885,  571;  J.  Ruse.  Chem,   8oc-  18,  ii 

(1886),  190;  Chem.  Ztg,  9  (1885),  470* 

1885:  11.    C.  G*  MEifirrNrGEH*    On  a  platinum  silieide. 

Amer.  Chem,  J.  7  (1885),  172;  J,  Chem,  Soc.  60  (1886),  124: 
Ru88.  Chem.  Soc.  18,  ii  (1S86),  190;  Chem.  Ztg,  9  (1885),  1773. 

1885:  12,     C,  Exebubke.    Om  platinas  metyknlfinbaaer.     Inaug.  Dm 

Lund,     (See  C.  W.  Blomstrand,  1888:  15.)  Pt. 

Ara-skrift.  Univ.  Lund.  22,  ii  (1885-86),  2;  Ber.  20  (1887),  107;  J. 

prakt.  Chem,  [2],  38  (1888),  358;  Chem.  CentrbK  1889,  i,  69;  Jftt». 

Chem.  1888,  2205. 

1885;  13.     C.  Budelius.     Platinapropylsulfinforeniiigar. 
Lund,    (See  C.  W.  Blometrand,  1888:  15.) 

Ips-skrift.  Univ,  Lund.  22,  ii  (1885-86).  4;  Ber.  20  (1887).  1( 
prakt.  Chem.  [2],  38  (1888),  497;  Chem.  Centrbl,  18»g,  i* 
Jsb.  Chem.  1888,  2207. 

1886:  14.  S,  G,  Hedik.  Om  pyridinens  platinabaaer.  Inaug.  Diss. 
Lund,  Pt 

Ars-skrift.  Univ.  Lund,  22,  ii  (1885-86),  3;  Ber.  20  (1887),  109L 

1885:  15.     H,  G,  SdDESBAmc.     Om  dubbeloxalater  af  Flatina. 

Oefversigt.  Akad.  Forh.  Stockholm,  43  (1885),  No.  10.  25;  J. 
Soc.  50  (1886),  532;  BuL  soc.  chim.   [2],  45  (1886),  188;  Ber. 
(1886),  203;  Chem.  News,  53  (1886),  14;  Jsb.  Chem.  1886,  1604^ 

1885:  16.  P.  KuLiscH*  Ueber  die  Einwtrkung  des  Phoaphorwatter- 
stoffs  auf  Metallsalzlosungen,  (No  definite  results  with  platinQiQ 
salts,  p.  355.) 

Ann.  Chem.  (Licbig),  231  (1885),  327. 


Liaug* 


BIBUOGBAPHY   OF   METALS   OF  THE   Pti 


GROUP 


207 


|l7,     H,  ScMlFF,     Palladium-WaaseTstoff  als  Vorlesungsversuch. 

Pd, 

Ber,  18  (1885),  1727;  J.  Chem.  Soc.  48  (1885),  1035;  Jsb.  Chera. 
1SB5.  354, 

E.  Demabcat,    Sur  une  rfaction  colorfe  du  rhodium.  (With 
ium  hypochlorite.)  Rh. 

C  K  101  (1885).  961:  BuL  80C,  chim.  [2],  45  (1886).  250;  Chem. 
NewB,  52  (1885),  263;  J.  Chem.  Soc.  50  (ld8ft)»  125;  Jsb.  Chem. 
18Sf»,  1943;  J,  Amer.  Chem,  Soc.  8  (18S6),  56. 

:19.  J,  A.  Gkoshans.  Sur  les  poids  Bp^cifiques  des  cristaux  hy- 
drot<*s,  ayant  des  formiiks  annlogiies  et  des  nombres  egaiix  de 
molecules  d*eftvi,  (Platinum  and  palladium  double  salts.)  Pt,  Pd. 
Ree.  imv.  chim.  de  Pa.vb  Bas,  4  (1885),  236;  Phil.  Mug.  [5],  20 
riRSS),  19,  191;  J.  Chem.  Soc.  50  (1886),  194;  Jab.  Chem.  1885,  52. 

F.  RoTTOFR  and  H.   Precht.     Die   Bestimmung  geringer 
Meogen  Chlornatriuni  uebon  Chlorkalium.     (Durch  Chlorplatin.) 

Pt. 
Ber.  18  (1885),  2076;  Ztsch.  until  Chem.  25  (188G),  213;  20  (1887), 
728, 

21,  A.  D.  VAX  R1KM8DIJK.  Sur  k  proc^d^  de  d'Arcet  pour  le 
dosage  dn  plattne  dans  sou  alliage  avec  rargent  ou  av<'c  Tor  et 
Fargent.     Sur  IVssais  par  vole  humide  de  Targent  tenant  platiBe. 

Pt 
Meded^el.  Lab.  Rijkfi.  Munt  6  (1885);  Uec.  trav.  chim.  Pays  Bum, 
4  (1886),  263:  Chem.  Centrbl.  1385,  952;  Jsb.  Chem.  1^485,  1942; 
Chera.  Ztg.O  (1R85),  1854. 

2B.  L,  Kritschewsky  (and  Sohwarzenbach).  Ueber  die  An- 
wendung  des  metallischen  (d.  h.  von  Palladium  absorbirten)  Was- 
serstofTs  in  der  aual}i^ischen  Chemie.     Inaug.  Disa.,  Bern,  1885. 

Pd,Pt. 

ZUch.  anaL  Chem.  25  (1886),  374;  J.  Chem.  80c,  50  (1886),  1071. 

f88.  N.  W.  Pebby.  Iridium:  its  occurrence,  fusion,  electroplat- 
ing, and  applications  in  the  arts,  (BiUiagraphy  of  Iridium.  Sch, 
of  M.  Quar,  6  :  114;  Chem.  News,  51  :  32.)  Ir,  Os. 

School  of  Mines  (N.  Y,)  Quart.  6  (1885),  97;  Chem*  News,  51 
(1S85).  1,  19,  31,  214,  298;  Chem.  Centrbl.  1885.  914;  J.  Chera. 
Soe.  48  (18S5),  4C2;  Jsb.  Chem.  1SS5,  2044;  J.  Amer.  Chem.  Soc. 
7  (18S5),  66;  Chem.  Ztg.  9  (1S85),  435. 

[  ?4.  JOBNSOX,  Matthey  &  Co.  The  fusion  and  workijig  of  iri* 
diQin.     (With  phosphorus.)  Ir. 

Cbeis*  News,  51  (1885),  71 ;  Jsb.  Cbem.  1885,  2045. 


WH 


BIBLIOGRAPHY   OF  METALS  OP  THE   PLATINTTM   OBOtJP 


1885:  25. 


Scient.  Ainer. 

anaL  Chem.  5  (18S5),  254. 


Iridium.     (Note  on  its  use,  etc.) 
52  (1885),  115;  from  Chemist  and  Drug.;  Bep 


(A    copper-zinc-platinuin    alloy 


resembling 

R. 

1385^  8ia;  Jttb.  Ch^UL 


Soldering  and  repairing  platinum  Tessets 


(Claim  of  pnoriti 


1885:  36.     

gold.) 

Techniker,  8   (1885),   199;  Chem.  Centrbl 
1885,  2048. 

1885;  37.      H.    Eoebslee,      Tiegelschmelzofen    mit    Luftrorwannimg. 

(For  melting  platinum-gold  alloys.) 
DingL  poL  J.  257  (1885),  153. 

1885:  38.    J.  W.  Pbatt. 
the  laboratory. 

Chetn.  News,  51  (1885),  181,  248;  Ber.  18  (1885),  320;  DingL  j 
258  (1885),  74;  Jsb,  Chem.  1885.  1999;  Chetn.  Ztg.  9  (1885) 
J.  Amer.  Chem.  Soc.  7  (1885),  150, 

1885:  29.     G.  T.  H.     Repairing  platinum  vessels, 
over  J.  W.  Pratt.) 

Chem.  News,  51  (1885),  239, 

1885:  30.    J.  Bobscha  (and  A.  C.  Otjdemans).   Eelation  dee  e: 

qui  ont  gervi  a  la  congtniction  de  deux  metres  ^talons  en 
iridic,  compares  directment  avec  le  Metre  dea  Archives.    Kote 
A.  C.  Oudemans:  Analyse  du  metal  des  regies,  3,  113.    Pt,  Ir  (Bi 
Aan.  PEcole  Polyt.  I>elft.  1  (1885),  65;  2  (1886),  1, 

1885:  31.    J.  S.  Stas.     Comity  international  des  poids  et  m^surea. 
of  platinum  iridium  for  standards  of  weights  and  measures*) 

Pt, 
J.  pharm.  chim.  [5],  12  (1885),  45;  Chem.  News,  52  (1S85)^  71, 

1885:  33.    C.  de  la  Habpe.     Triangle  en  platine  pouvant  servir  i  d€» 
creusets  de  dimensions  diff^renta. 

Bui.  soc.  MtOhotise,  55  (1885),  249;  Chem.  Ztg.  9  (1885),  1209. 

1885:  33.     L.  Scharnwebeb.     Kohlenhalterspitze  fiir  elektrische 
genlampen,  aus  Osmiridinm,  Platin  oder  Plattniridium,     D. 
Patent  No.  35395,  July  13,  1885.  H,  Ir, 

Dingl.  poL  J*  261  (1886),  314. 

1885:  34.    — .     Cruto's  Gliihlampe.     (Of  platinunL) 

DingL  poL  J»  256  (1885),  353, 

1885:  35.    H.  Roessleb.     (Verwendung  von  Metallldsungen  xum  Fad 
ben  von  Thonwaaren.) 

Sprechsaal,  1883,  385;  DlngL  poL  X  258   (15S5V  2 
1885»  211?S, 
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36.  H*  F.  Ebad.  (Use  of  fine  platinum  wire  for  cross  in  tele- 
scopes.) Pt, 

Polyt.  NoilsEbl.  40  (1885),  223:  from  Mining*  and  Sci,  Press:  Cbem, 
t  i  lifrhl.  IBS^,  832;  Jsb,  Chem.  1885,  2044;  Repert.  anal.  Cbem.  5 
il><S5j,  414. 

37,  F.  Labroque.     (UBe  of  paUadixira-bydrogen  in  photophone.) 

Pd, 

Lnmi^re  ElectHque,  18  (1885),  632;  DingL  poL  J.  261  (1835),  475. 

3S.  C\  A.  Nkedham.  Platiudmek.  (Ver}^  full  de8<*ription  of 
thlB  method  in  photography.)  Pt. 

Photog.  Arch.  26  (1885),  17:  Chem.  CentrbL  X&85,  156;  J«b.  Chem. 
1&S5,  2261. 

39.  M,  Tkaube.  Uebt?r  die  Mitwirkimg  des  Wasucrs  bei  der 
kngeamen  Verbrenuung  des  Zinke,  Bleis,  Eisenfi,  und  Palladium- 
wasserstoffB,  Pd. 

Bev,  18  (1885),  1877;  J.  Chem.  Soc.  48  (1885),  110i'>:  Jeb.  Chem. 
1885.  365;  J.  Soc.  Chem.  Ind,  4  (1885),  675. 

40.  H.  Knoblauch.  Ueber  zwei  neue  Verfahren,  den  Polarisar 
tionsmnkel  der  Metalle  zu  finden.  Pd,  Pt, 

Ann.  der  VhyA.  (Poggr.)  [2],  24  (1885),  258;  Jab.  Chem,  1885,  336. 

41.  A.  ScnLEiBRMAcnER.  Ueber  die  Abhiiugigkeit  der  Warme- 
Btrahlung  von  der  Temperatur  imd  daa  Stefan'sche  Oesetz. 
(Wiirttiestrahlung  des  Plating.)  Pt. 

Ann.  der  Phys.  (Pogg.)  [2].  26  (1885),  287:  J«b.  Chem.  1885,  125. 

4^.    D.  KoNOWALow.    Ueber  die  RoUc  der  Contactwirkung  bei 
den  Erscheiniingen  der  Dissociation.     (Action  of  platinum.)     Pt. 
Ber.  18  (1885),  2808;  J.  Chem.  Soc.  50  (1886),  0;  Jab.  Chem.  1885, 
224. 

43.  J.  Trowbridge.     A  standard  of  light.     (Platinum  unit.) 
Amer.  X  Sci.  [3],  3D  (1885),  128:  Jab.  Chem.  1885,  301.  Pt. 

44.  F.  BEtL^iMY,  Action  de  quelques  mf'taux  [pUitinc]  stir  la 
melange  d*ac6tjit^ne  et  d*air.  Pt. 

C.  B.  100  (1885),  1460;  J.  Chem.  Soo.  48  (1885),  951;  Jsb.  Chem. 
1885»  665:  Chem.  News,  52  (1885),  82:  J.  de  Pharm.  [5],  12  (1885), 
55. 

4o.    H.  ToHLii^soK.    The  influence  of  etreae  and  strain  on  the 

physical  properties  of  matter.    The  alteration  of  the  electrical 

Conductirity  of  .  .  .  platinum-iridium  by  longitudinal  traction, 

t^roc.  Roy.  Boc.  Ixindon.  39  (1885),  503;  Jsb.  Chem.  1S86,  2411.    Pt,  Ir. 
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1885:  46.    L.  Cailletet  and  E.  Bouty.    Stir  la  conductibiliti  Qta- 

triqne  du  mercure  solide  et  des  m^taux  purs  aux  basses  temp^nk 

tures.     (Platinum.)  PL 

C.  R.  100  (1885),  1188;  J.  Chem.  Soc  48  (1885),  855;  Jsb.  Chem. 

1885,  257. 

1886:  1.  G.  C.  Hoffman.  Native  platinum  from  Canada  (British  Co- 
lumbia). (With  analysis.)  Pt,  Pd,  Bh,  Ir,  08. 
Trans.  Hoy.  Soc.  Canada,  5  (1887),  3,  17;  Rept.  GeoL  Suit.  Can.  2 
(1886),  5;  Amer.  J.  Sci.  [3],  35  (1888),  257;  Cbem.  CentrbL  18S8, 
679;  J.  Chem.  Soc.  56  (1889),  109;  Neues  Jahrb.  f.  Min.  M,  fi 
(1888),  Ref.  386;  Ztsch.  Kryst.  15  (1888),  128;  Jsb.  Chem.  1888, 
659;  Chem.  Ztg.  13  (1889),  Rep.  11. 

1886:  2.    J.  NoAD.     Improvements  relating  to  the  extraction  or  separa- 

tion  of  gold^  silver  and  platinum  from  ores  and  other  substances, 

or  products  containing  such  metals.    Engl,  patent  6810,  May  20, 

1886.     (Coat  with  iron  and  remove  with  a  magnet.)  Pt. 

J.  Soc.  Chem.  Ind.  6  (1887),  516. 

1886:  3.    E.  Pkost.     Sels  du  platine,  simples  et  doubles.    (Nitrates, 

oxides,  chlorates,  sulfates.)  Pt. 

Bui.  Acad.  Belg.  [3],  11  (1886),  414;  Ber.  19  (1886),  666;  BuL  aoc 

chim.  [2],  46  (1886),  156;  Chem.  News,  54  (1886),  213;  J.  Chem. 

Soc.  50  (1886),  987;  Jsb.  Chem.  1886,  489;  J.  Amer.  Chem.  Soc  8 

(1886),  176;  Chem.  Ztg.  10  (1886),  Rep.  195. 

1886:  4.    F.  P.  Miles.     On  the  formation  of  platinum  silicide.        Pt. 
Amer.  Chem.  J.  8  (1886),  428;  J.  Chem-  Soc.  52  (1887),  450;  Jsb. 
Chem.  1886,  494. 

1886:  5.     W.  Gibbs.    Further  researches  on  complex  inorganic  adds. 
(Platinoarsenates,  tungstates  and  molybdates.)  Pt. 

Amer.  Chem.  J.  8  (1886),  289;  J.  Chem.  Soc.  52  (1887),  113;  J«b. 
Chem.  1886,  493. 

1886:  6.     T.  Wilm.     (TJeber  Alkaliplatincyantire.)  Pt. 

J.  Russ.  Chem.  Soc.  18,  i  (1886),  376;  Ber.  19  (1886),  950;  BnL  »e. 
chim.  [2],  50  (1888),  281;  J.  Chem.  Soc.  50  (1886),  604;  Jsb. 
Chem.  1886,  490;  Chem.  Industrie,  10  (1887),  59. 

1886:  7.     T.  Wilm.     (TJeber  Haloidadditionproducte  von  Kaliumplatm- 

cyaniire.)  Pt. 

J.  Russ.  Chem.  Soc.  18,  i  (1886),  181,  402;  Ber.  19  (1886),  959;  BuL 

soc.  chim.  [2],  46   (1886),  826;  50  (1888),  281;  J.  Chem.  Sot  50 

(1886),  605;  Jsb.  Chem.  1886,  492. 

1886:  8.     S.  M.  JOrgensen.     Zur  Constitution  der  Platinbasen.       Pt- 
J.  prakt.  Chem.  [2],  33  (1886),  489;  Ber.  19  (1886),  529;  J.  Chem. 
Soc.  50  (1886),  857;  Jsb.  Chem.  1886, 1601. 
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Beitrage  zur  Chemie  der  Rhodiumam- 

Rh. 


|B.      S*    M.    J6ROEN8EN-. 

moniakvefbindungen, 

J.  prakt.  Cbem.  [2],  34  (I8S6),  :t94;  Ber.  20  (1887),  7;  Chem.  News, 
S4  (1886),  298;  J.  Chem.  Soc.  52  (1887).  113,  114;  Jab.  Chem.  1886, 
494. 
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10,     J.  D*  VAX  DER  Flaats,     E&SEi  de  calcul  des  poids  atomiques 

de  M.  Stes,  Pt,  Pd,  Ir,  Rh,  Ob,  Ru. 

Ann.  chim,  phys.  [6],  7  (1886)*  499;  Ztach.  anal.  Chem.  26  (1887), 


276, 


11.  H.  Lb  Chatelier.  Platine  iridic.  Modification  aUotro* 
pique.  Pt. 

BuL  6oe.  chim.  [2],  45  (1886),  4S2. 

12.  Q,  ForssEREAU,  Sur  la  decomposition  lente  des  chlorures 
dans  leurs  dissolutions  fitendues.  (Platinum  and  sodium-rhodium 
chlorid.)  Pt,  Rh. 

C.  R.  103   (1886).  248;  J.  Chem.  Soc  50   (1886),  075;  Jab,  Cbem. 

1886.  271. 

13.  0.  Leumaki^.  (Dissociation  of  raagnesiura  platinocjanid  in 
water.)  Pt. 

Ztaob.  Kryst.  12  (1886),  377;  Jsb.  Chem.  1886,  504. 

14.  C.  R.  Fresekitjs.  Trennung  des  .  .  .  Platina  Ton  Zinn, 
Antimon  und  Arsen.     (Qualitative*)  Pt, 

Zisch.  anal,  Cbem.  25  (1886),  200:  Ber.  10  (1886).  620;  J,  Chem. 
Soc.  50  (1S86),  051;  Jab.  Cbem.  1886,  19S1;  J.  Ruaa.  Cbem.  8oc. 
18,  li  (1R86),  254;  Analyat.  11  (1886)»  93;  Cbem,  Induatrfe.  9 
(1886),  155;  Chem.  Ztg.  10  (1886).  Eep.  100. 

P.  J.  Dirvell.    Mode  rapide  de  siparer  de  platine  d*avec 
rantiinoine,  rarst^nique,  at  retain.  Pt, 

BuL  >OL%  chim,  [2],  46  (1886),  806;  Ber.  20  (1887),  341;  Chem. 
Centrbl,  1887,  97;  DIngl.  pol,  J.  263  (1887).  538;  Ztach.  anal, 
Chem.  28  (1889),  701;  Jab.  Cbem,  1886,  1051;  J.  anaL  Chem. 
(Hart),  1  (1887),  208;  Repert.  anaK  Chem,  7  (1887).  248;  Analyst^ 
12  (1887).  142;  J.  Soe.  Cbem.  Ind,  6  (1887),  384;  Chem.  Ztg.  11 
(1$87),  Bep.  4, 

^T.  Batlbt.     On  the  analysis  of  alloys  and  minerals  eontani- 
f  Iflttry  metals,  selenium,  telluriuin.  etc.     (Separation  of  metala 
of  the  second  group)  Pt. 

J.  Cbem.  Soo.  40  (1886),  735;  Jsb-  Cbem.  1886,  1950. 

17.    K.   Ulbch.    Notizen   zur  Kjeldahl'schen   Stickstoffbe^tim- 

raimgFmethode,     (Use  of  platinumehlnrid  in  the  Kjeldahl  jiro- 

C€sa.)  Pt* 

Zt«ch.  gesammt.  Brauweseu,  ISSfi,  81;  Chem.  Ceittrbl.  1886,  375; 

1887,  284;  J,  Cbem,  Soc,  &Z  (1887).  863;  Jab,  Cbem.  1886,  1954. 
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Bildung  yen  Methan  tind  Kohlensau 
and  hydrogen  by  palladimn,  p.  429.) 
Ztach.  physioL  Ghem.  10  (1886),  401 
52  (1887),  618. 

1886:  W.  A.  Sudakoff.  (Use  of  palladiu 
gen,) 

Arch,  fur  Hygiene,  5  (1886),  166. 

1886:  20,  P.  Casamajok.  A  platinum  fil 
ehaers  system  of  filtration. 

Chem.  News,  53  (1886),  194;  J.  Amei 

1886:  21.  C.  A.  Paillabd.  Palladinmkii] 
netizable  alloy  for  watches.)    D.  R.  I 

Ber.  20  (1887),  B.  179;  Ghem.  Centrl 
(1887),  634;  268  (1888),  189;  270  i 
(1889),  573;  Eev.  Indost.  1888,  127; 
118;  Jsb.  Ghem.  1888,  2659;  Bepert 

1886:  28.  W.  A.  Thoks.  ImproTements  in 
by  electricity.  Amer.  patent  367731 
16, 1886. 

Chem.  Ztg.  11  (1887),  1026;  J.  Soc.  Cli 

1806:  2Z.  H.  H.  Lasb.  ImproTements  rek 
nmn  or  silTcr  or  nickel  or  alloys  of  1 
1473,  Feb.  1,  1886. 

J.  Soc  Ghem.  Ind.  6  (1887),  293. 

1886:  24.  W.  Banks  and  S.  Bbibblbt.  '. 
elektriBchen  Strom,  znm  Sengen  yoi 
38266,  July  19, 1886. 

DiQ^L  poL  J.  263  (1887),  508. 

E.  VoQEL.     (Platin  in  photograp 

PhoU^.  MittheiL  23  (1886),  251,  325; 

267  (1888),  221;  Jsh.  Ghem.  1888,  2S 

1886:  W.  Ptoxchon.  Snr  Pitude  calorii 
haut^  temperatures,  (Specific  heat 
platiBmn-palladinm  alloys.) 

C.  R.  102  (1886),  675:  Jsh.  Ghem.  18S6 

3886:  t:,    E.  Gbdiaux.    Action  ozydante  c 

Bia.  soc.  chim«  [2],  45  (1886),  481. 
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1886:  2B,    T.  iHMOBr,    Ueber  die  Aufnahme  des  Quecksilberdampfea 
durch  Platinmohr.    -  Ft. 

Ann.  der  Thys.  (Pog^.)  [2],  28  (1886),  81;  Ber.  19  (1686),  582:  J. 
Chem.  Soc,  50  (1886),  766;  Jab*  Chem.  1886,  468. 

1886:  29.    B.  Dessau.    Ueber  Metall&chichten,  welche  durch  Zerstait- 
ben  einer  Kathode  entBtehen,  Pt 

Ann.  der  Thys.  (Pogg.)  [2],  29  (1886),  353. 

1886:  30.    E.  tan  Aubel.     Note  am*  la  transparence  in  platine.       Pt. 

Bnl.  Acad.  Belg.  [3],  11  (1886),  40S;  Jab.  Chem,  1886,  288;  1888, 
2728;  Chem.  Ztg.  12  (1888),  Rep.  21;  Repert.  t  Phya.  23  (1887), 
537;  mngh  poL  J.  267  (1888).  230. 

~1886:  31.    E.  van  Atjbel.     Qiielques  niote  sur  la  transparence  du  pkt- 
ine  et  des  miroirs  de  fer,  nickel,  cobalt,  obtenus  par  Electrolyse.  Pt. 
BuL  Acad,  Belg.  [3],  12  (1886),  665;  Jsb.  Chem.  1886,  288;  J.  Soc. 
Chetn.  Ind.  7  (1888),  215;  Chem.  Ztg.  12  (1888),  71. 

1886:  32.    E.  Warbitbo  and  T.  Thmort.    Ueber  das  Gewlcht  imd  die 
Ursache  der  Waaserhaiite  bei  Glas  und  anderen  Korper.     (Plati- 
num.) Pt. 
Ann.  der  Phys.  (Fogg,)  [2],  27  (1886).  481;  Jab.  Chem.  1886,  168. 

1886:  33.    F.    ton    Hefneh-Alteneck.     (Violle^s    Platineinheit    des 
Liehtes.)  Pt. 

Journ.  f.  Gasbeleucbtungf,  16  (1886),  3;  DingL  poL  J.  262  (1886), 
25. 

1886:  34.    C.  G.  Knott.    On  the  electrical  properties  of  hydrogenized 
palladium.  Pd. 

Trans.  Roy.  Soc.  Edinb.  33  (1886).  171;  Ann.  der  Phys.  (Pogg.) 
Beibl.  12  (1888),  114;  Jab.  Chem.  1888,  373. 

11886:  35.    W.  Peddie.     On  the  increase  of  electroljrtic  polarization  with 
zinc.     (Besistance  of  platinum  electrodes.)  Pt. 

Proc.  Roy.  Soc.  Edinb.  14  (1886),  87,  221;  Ann.  der  Phya.  (Pogg.) 
Beibl.  12  (1888),  381;  Jsb.  Chem.  1888.  394, 

86:  36.     E.  Drechbel.     (Platinmohr  als  Electrode.)  Pt. 

Sep.  Abdruck,  Beltrag  f.  Physiol.  Ludwig  FeBtochrift,  Leipzig; 

Jeb.  Chem.  1886,  279. 

37.  Gautier.    Couple  zinc-platine.  *  Pt. 

BuJ.  soc.  chim.  [2],  45  (1886),  418. 

38.  W.  Case.  Transformation  of  heat  energy  into  electric  en- 
ergy. (Carbon,  platinum,  chloric  acid  element.)  Patents 
334345,  6,  7,  June  29,  1880.  Pt. 

N.  Y.  Elect.  Rev.  8  (1886),  3:  Electrotech,  Ztech.  8  (1S87),  506; 
Ann.  indust.  1887.  490;  Ann.  der  Phya.  (Pogg.).  Belbl.  12  (1888), 
120;  Dingl.  pol.  J.  267  (1888),  95;  Jsb.  Chem.  1888,  348. 
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1887:  1.    G.  M.  Dawson.    Mineral  wealth 
num  and  osmiridium. 

Ann.  Bept.  Geol.  Surv.  Canada,  3  (181 

1887:  B.    C.  C.  Hutchins  and  E.  L.  Holde] 
tain  elements,  together  with  the  discoi 

Proc.  Amer.  Acad.  Sci.  23  (1887),  14 
451;  J.  Chem.  Soc.  52  (1887),  106 
325;  Jsb.  Chem.  1887,  343. 

3.  B.  T.  Mabtik.     (Iridium  in  bulli 
from  Eeport  Director  Mint,  1885.) 

Berg  und  Hiitten  Ztg.  46  (1887),  25 
Bepert  anal.  Chem.  7  (1887),  454 
350. 

4.  H.  Malbot.    Sur  le  chlorhydrate 
isobutylamine  et  le  chlorplatinate  de  t 

C.  B.  104  (1887),  366;  J.  Chem.  Soc.  52 

5.  S.  M.  J5BGENSEN.    Beitrage  znr 
niakverbindungen.     (Chlorplatinates.) 

J.  prakt.  Chem.  [2],  35  (1887),  417; 
Jsb.  Chem.  1887,  451. 

6.  E.  PoMEY.     Sur  le  chlorure  pho 
platinous  propyl  ether.) 

C.  B.  104  (1887),  364;  Chem.  Centrh 
(1887),  117;  J.  Chem.  Soc  52  (1887] 

7.  H.  LOkdahl.     Platinafiulfinforen 
butyl  och  benzyl.     (See  C.  W.  Blomst 

Ars-skrift.  Univ.  Lnnd.  24,  ii  (1887-8 
(1888),  512;  Chem.  CentrbL  1889,  i, 

8.  F.  W.  Semhleb.    TTeber  das  athei 
num  L.     (3.  Platinyerbindungen  des  i 

Ann.  Chem.  (Liebig),  241  (1887),  90; 

9.  T.  WiLM.     (Kalium  platinocyanid. 
nitric  acid,  hydrogen  perozid,  etc.) 

J.  Buss.  Chem.  Soc  19,  i  (1887),  243; 
Centrbl.  1887,  689;  Jsb.  Chem.  188 
874. 

10.  A.  CoBSA.    Bicerche  sopra  le  pi 
acimoniacali  del  platino. 

Atti.  Accad.  Sci.  Torino,  22  (1887 
(1887),  1;  Ber.  20  (1887),  462;  Chen 
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Sue.  52  (1887),  G42;  Jsb.  Chem.  1887,  611;  J.  Bum.  Chem.  Soc 

10.  li  (1H87),  U4;  Chem.  Ztg,  U  (1887),  Hep.  138. 

IL     L.  Reese,     Ueber  die  Einwirkiiiig  von  Phtalsaureanhydrid 

ftcif  Amidosauren.    (a-Leiicinphtaloylsaures  Platodiammonium,  p. 

190  "  Pt. 

Arm.  Chem.  (Liebig).  242  (1887),  1;  J.  Chem.  Soc.  54  (1888),  148. 

12-  H-  Alexander,  Ueber  hydroxylaminhaltige  Platinbasen. 
Inaug.  Diss.  Konigsberg,  1887.  Pt. 

Ann.  Chem,    (Liebig),  246   (1888),  2.^0;   Ber.  21    (1888).  594;   Bui. 
scie.  chim.  (3),  2  (1889),  22;  Chera.  Centrbl.  1887,  1254;  1888,  1027; 
~  J.  Chem.  Soc.  54  (1888),  425;  Jeb.  Chem.  1888,  661;  Chem.  Ztg. 

12  (1888),  Rep.  190. 

IS.  W.  DiTTMAR  and  J,  McArthur.  Critical  experimeiits  on 
the  chloroplatinate  method  for  the  determination  of  potaasium, 
rubidjom  and  aromonium;  and  a  redetermination  of  the  atomic 
weight  of  platinum,  (Atomic  weight  of  platinum  =  19^.5.)  Pt. 
J.  Soc.  Chem.  Ind.  6  (1887),  799;  Trans.  Roj.  Soc.  Edinb.  23  (1887). 

5G1;  Ber,  21   (1888),  412;  ,T.  Chem.  Soc,  54   (1889),  425;  Chem* 

Centrbl.    1888,   302;   Ztsch.    anal.   Chem.    28    (188S>),   761;   Ztsch. 

anprew.  Chem.  1889,  79;  Ztsch,   physik.  Chem-  2  (1888),  553;  J. 

anaL  Chem.   (Hart),  2  (1888).  429;  Chem.  Ztg.  12   (1888),  Hep. 

142. 

14.  J.  IT.  DHaR.\T.  Sur  quelques  alliages  cristallis^s  dee  m^taux 
du  pktine  et  de  retain.  Pt,  Rh,  Ir,  Rn,  Os. 

C.  R.  104  (1887),  1470;  Ber,  20  (1887).  454;  BuL  soc.  chim.  [2].  48 
(1887),  048:  Chem.  Centrbl.  1887,  780;  Chem.  News,  56  (1887), 
n08:  J.  Chem.  Soc.  52  (1887),  779;  Jsb.  Chem.  1887,  012;  ZUch. 
chcTO.  Indust.  1  (1887),  3^1;  Chem.  Ztg.  11  (1887),  Rep.  138. 

15.  J,  H.  Debray,  Note  sur  les  produits  d^alteration  de  quel- 
quea  alliagea  par  les  acides  ,  (Alloys  of  platinum  metala  with  tin^ 
etc.)  Pt,  Rh,Ru,Ir. 

C.  R.  101  (1887),  1577;  BuL  soc.  chim.  12],  48  (1887),  649;  Chem. 
Centrbl.  1S87.  840;  J,  Chem.  Soc,  52  (1887),  779;  Jab.  Chem.  1887, 
ei3. 

16.  J.  H.  Dkbray.  Note  eur  lea  residues  qui  riaultent  de  Taction 
dee  acides  eur  le8  alliages  des  m^taux  du  platine.  Pt,  Os,  Ir,  Bu,Eh. 

C.  R-  104  (1S87),  1667;  Bui.  Boe,  cMm.  [2],  48  (1887),  650;  Chem. 
News,  56  (1887),  23;  J.  Chem.  Soc.  52  (1887),  900;  Jtb.  Chem- 
1887.  ^n. 

Ma.    E.  MAtfHENE.    Alliages  de  platine,  fer,  et  enivre.  Pt. 

Bill.  Bt»c.  chlni,  [2],  47  (1867),  39;  Ber.  20  R.  (1887),  342;  Chem. 
Cenlrbl.  1SS7.  139;  Chrra.  New&,  55  (1887),  81;  J.  Chem.  Soc. 
62  fl8??TK  T7S:  Chem.  lodustrie.  10  (1887).  103, 
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1887:  17.  C.  M.  Guldbero.  Metallemes  kritiflke  Teiii] 
ical  temperature  of  platinum  and  palladium,  theoi 

Forh.  Vid.  Selsk.  Christiania,  1887,  4;  Ztsch.  ] 
(1887),  231. 

1887:  18.    E.  Duclaux.    Sut  les  actions  comparies'de 
la  lumifere  solaire.     (On  platinum  chlorid.) 

C.  K.  104  (1887),  294;  J.  Chem.  Soc.  52  (1887),  411. 

1887:  19.  V.  Meyer.  Zur  Kenntniss  einiger  Metal] 
germanium  on  platinum.) 

Ber.  20  (1887),  497;  Jsb.  Chem.  1887,  378. 

1887:  20.  S.  Cooke.  On  the  reducing  action  of  hydro 
ence  of  platinum. 

Proc.  Phil.  Soc.  Glasgow,  18  (1887),  285;  Chem. 
103;  J.  Chem.  Soc.  54  (1888),  1245;  Ztsch.  anal. 
329;  Ztsch.  physlk.  Chem.  3  (1889),  239. 

1887:  21.  E.  H.  Kjjiser.  On  the  combustion  of  weigh 
hydrogen  and  the  atomic  weight  of  oxygen.  (Ut 
hydrogen  for  weighing  hydrogen.) 

Amer.  Chem.  J.  10  (1888),  249;  Ber.  20  (1887),  232 
Chem.  News,  59  (1889),  262;  Ztsch.  anal.  Chen 
Jsb.  Chem.  1887,  386;  1888,  98. 

1887:  22.  F.  Osmond  and  Werth.  Sur  les  residues  qm 
aciers  et  des  zincs  par  Taction  des  acides.  (Grs 
from  steel  are  explosive  even  when  no  platinum 
(Observ.  of  Faraday.) 

C.  R.  104  (1887),  1800;  J.  Chem.  Soc.  52  (1887), 
1887,  616. 

1887:  23.  H.  N.  Warren.  Detection  and  estimation 
platinum. 

Chem.  News,  55  (1887),  241;  Ber.  20  (1887),  483 
1887,  875;  Bingl,  pol.  J.  264  (1887),  635;  J 
(1887),  702;  Ztsch.  Chem.  Indust.  2  (1887),  c 
Chem.  7  (1887),  414;  Chem.  Ztg,  11  (1887),  Rep.  ] 

1887:  24.  T.  Eosenbladt.  TJeber  Scheidung  des  C, 
Palladiums  von  einander  und  von  Blei,  Kupfcr  un< 

Ztsch.  anal.  Chem.  26  (1887),  15;  Chem.  Centrbl. 
News,  55  (1887),  72;  Ber.  20  (1887),  396;  J.  Chei 
:}02;  Repert.  anal.  Chem.  7  (1887),  79;  Chei 
(1887),  191;  Cnem.  Ztg.  11  (1887),  Rep.  51. 
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B.    0.  KBifss  and  L,  HopFifAX,     Dntersiichung  fiber  das  Gold. 
(TV.  Quantitative  Bestiminiiiig  des  Ooldes  und  seine  Trenntmg  in 
nderen  vou  den  Plntinnietallen,  p.  66.)  Pt,  Pd. 

Ann*  Chem-  (Liebig),  2v3S  (18a7),  30;  J.  Chem.  Soc.  52  (1887) »  654; 
Ztsch.  anaL  Chem,  27  (1B88),  m. 

M.     W.  Bettel.     Separation  of  gold  from  platinum  metals. 

Pt,  Pd, 
Cbem.  News,  56  (1887),  133;  J.  Chem.  Soc,  52  (1887),  1084;  Chem. 
Centrbl.  1887, 1362. 

B7.  H*  PiRNGRUBEB,  Separation  of  platinum  from  gold  and 
other  rare  metals,  (Fusion  with  rine.)  Pt,  Pd,  It,  Kh,  Os,  Ru. 
En^.  and  Mining  J;  44  (lfi87)»  25(S.  326;  Ber.  21  (1888),  312;  Ber^ 

imd  Hutteu  Ztg.  47  (1888),  29;  Chem.  Centrbl.  1888,  84;  J.  Chem. 

Soc.  Si    (1888),  056;  Ziech.   cbeni.   Indust,  2   (1887),  300;   Jeb. 

Chem.  1888,  2560. 

F,  Wtatt.     Separation  of  metals  from  platinum  ores.    (Re- 
ply to  H.  Pirngruber.)  Pt,  Pd,  Ir,  Rh,  Oe,  Ru. 

Zug.  and  Minings  J.  44  (1887),  273;  Chcui.  Ztg,  12  (1888),  Rep.  235. 

9.     C,  Reixhardt.     Ueber  die  Aufgchliessung  in  Sauren  unlos- 
lichcr  Platinlegirungen.  Pt. 

Chem.  Ztg,  11  (1887),  52;  Chem.  Centrbl.  1887,  230;  Chem.  Indus- 
trie, 10  (1887).  1S2;  J.  Soc.  Chem.  Ind.  6  (1887),  380. 

E.  J.    lIot'STOX,     On    pnllfldiiim   iilloys   in    watches.     (Pail- 
lard's  non-magnetizable  alloy.)  Pd. 
Proc.  Amer.   Phil.  Soc.   24    (1887).   11&;   J,    Frank.   Inst.    [3],   05 
(1888).   lai,  238;  Chem,   News,  58    (1888).   100;  Chem.   Centrbl. 
1888,  1329:  Dingl.  pol.  J.  270  (18S8).  143;  Jab,  Chem.  1888,  2650. 

31.     H,  08TEBMAKK  aud  A.  PRIP.    Platinleginmg.    D.  R.  patent 

44473,  Dec.  18.  1887,  Pt. 

Ber.  21  (1888),  865;  Jsb.  Chem,  1888,  2650;  Chem,  Ztg.  12  (1888)^ 


H26. 


Cheap  method  of  platinizing  metals. 


Pt. 
Sdent.  Amer.  56  (1887).  169;  from  Le  Genie  Civil;  Indust,  Blat, 
24  (1887),  207;  Chem.  Centrbl.  1SH7,  »7l. 

[88.     W.  L.  Dudley.     Electro-dcpoaition  of  iridium.     (Descrip- 
tion of  patent.)  .  Ir. 
Electrical  Re?.  20  (1887),  604:  Chem*  Ztg.  11  (1887)»  Hep.  190. 

[34.    .     [Description  of  platinum  mirror  on  glass  made 

by  Dodf  in  1865,  which  is  still  intat't.]  Pt. 

Sdent.  Amer.  57  (1887),  56;  from  La  Nature;  Eepert*  anal.  Chem. 
7  (1887),  720. 
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35.  Bright  Platinum  Plating  Co.  (Lt.),  Lc 
in  dem  Platinirverf ahren  durch  Elektricitat.  D 
Feb.  3, 1887. 

Ber.  21  (1888),  200;  Chem.  Industrie,  11  (1888 
12  (1888),  321. 

1887:  36.  Erlich  und  Storck.  Verfahren  zur  Hersi 
fahig  Olanzplatin.    D.  S.  patent  44044,  June  3< 

Ber.  21  (1888),  878. 

1887:  37.  Erlich  und  Storck.  Neueningen  im  V< 
stellung  von  .  .  .  Glanzplatin.  D.  R.  patent 
1887. 

Ber.  22  (1889),  281. 

1887:  38.    H.    Schwarz.    Herstellung   venetianische 
Glasstudien.     (Use  of  platinum  foil  on  *'  Deekg] 
Verb.  Ver.   Beford.   Gewerbfleiss,   1887,  204; 
(1888),  326. 

1887:  39.  Himly,  Leiser  und  Bardtholdt.  Verfa 
lung  eines  farbenweehselnden  Ueberzuges.  (Ma 
cyanid  as  sympathetic  ink.)     D.  R.  patent  423 

Ber.  21  (1888),  205. 

1887:  40.  K.  Kraut.  Platinum  oder  Palladium  in  ai 
SauerstofiP.    (Oxidation.) 

Ber.  20   (1887),  1113;  Amer.  J.  Sci.   [3],  34   (1 
chim.  [2],  48  (1887),  127;  J.  Chem.  Soc.  52  (16 

1887:  41.  T.  Ihmori.  Ueber  die  Aufnahme  des  Was 
feste  Korper.     (Platinum.) 

Ann.  der  Phys.   (Pogg.),  [2],  31   (1887),  1006; 
(1888),  24;  Jsb.  Chem.  1887,  101. 

1887:  42.  R.  H.  M.  Bosanquet.  On  the  production  c 
in  the  torsion  of  a  wire  by  change  in  tempera 
wire.) 

Phil.  Mag.  [5],  24  (1887),  160;  Jsb.  Chem.  1887,  3i\ 

1887:  43.  J.  Violle.  Comparaison  des  Energies  rayo: 
ine  et  Targent  f  ontants. 

C.  R.  105  (1887),  103;  Amer.  J.  Sci.  [3],  34  (18 
Soc.  52  (1887),  1010;  Jsb.  Chem.  1887,  342. 

1887:  44.  J.  T.  Bottomley.  On  [heat]  radiations 
bright  surfaces  (of  platinum). 

Proc.  Roy.  Soc.  London,  42  (1887),  433;  Jsb.  CI 
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♦5»    H.   Haoa.    Etade   exp^rimentale   sur   Teffet   thermo-6lec- 

[triqtic,  d^ouTert  par  Thompson.     (La  rn^sure  de  la  convection 

flectrique  de  la  ehaleur  dans  le  platine.)  Pt, 

Ann.  I'Eoole  polyt.  Delft,  3  (1887)»  43;  Ann.  der  Phys,  (Pogg,) 
Beibh  11  (1887),  593;  Jsb.  Chem.  1887,  2^5. 

;     (Plfttinuin  in  photography.)  Pt. 

Brit,  J.  Photog.  28  (1887).  30;  Dingl.  poL  J,  267  (1888),  221;  Jsh. 
Cbem.  1888.  2^05. 

6.  P1Z2I0HBLLI,     (Platiiium  in  photography.)  Pt. 

Photog.   Corresp,   24    (1887).    409;   Jahrbuch   t   Phot,    1888*   335; 

Chem.  Centrbl.  1889,  I,  87;  Dingl.  poL  J.  267  (1888).  222;  Cbem. 

Ztg.  11  (1887).  Rep,  296;  J.  Frank,  Inst.  [3],  95  (1888),  77;  Jab, 

Chem.  1S8S.  2905, 

K"    'S.     A.  Prinole.     (Platinum  in  photography,)  Pt. 

Brit,  J,  Phot.  28  (1887),  2;  Photog.  WochenbL  1887.  91;  DingL  poL 
J.  267  (1888).  221;  Jsb.  Chem,  1888,  2905, 
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metals  (platinnm  and  palladium)  for  ultra-violet  light.        Pt,  Pd. 

ProG.  Amer.  Acad.  ScL  23  (1888),  299;  PhU.  Mag,  (S),  26  (1888), 
316;  Chem.  Ncwa,  58  (1888),  216;  Jsb,  Chem,  1888.  443;  J.  Chem, 
80c  56  (1889).  1. 

H.  F.  Weber.     Beginn  des  (iliihens  fester  Korper.  Pt. 

Chetn.  CcntrbL  1888,  7T2;  Jsb,  Chem,  188S.  332. 

|$2,    E,  LtEBENTETAL.     (Siemcn's  Platinnormallampe.)  Pt. 

Electrot.  188$,  445;  Ztaeh,  angew.  Chem,  1888,  609. 
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53.    A,  KiTNDT.     Ueber  die  Brechiingsejtponenten  der  Metall^* 

(PlatinumO  Pt, 

Sitzber.  Akad.  Berlin,  1888,  255;  Add-  der  Phys.  (FoirfO   I»]t  ^ 

(1688),  469;  Phi!.  Mag.   |5],  2fl   (1888),  1;  Arch,  sci,  phy^.  tuiL 

[3],  20  (1889),  37;  J.  Chem.  Soc.  S4  (1888),  997:  JsK  Chvm,  U 

424. 


1888: 


1888: 
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54.  A.  KuxDT.     Uelier  die  Acnderung  der  Lichtgeschwiudigke 

in  den  Metallen  mit  der  Temperatur.     (Platinum.)  Pt. 

Sitzber.  Akad.  Berlin,  1888.  1387;  Ann.  der  Phys.  (Pore-)  [2],  35 
(1889),  824;  J.  Chem.  Soc.  56  (1889),  749. 

55.  C,  Baeus.  Certain  generic  electrical  relations  of  the  allov^ 
of  platinnm,  Pt, 

Amer,  J,  Sci.  [3].  36  (1888),  427;  J,  Chem,  Soc.  56  (1889),  201. 

1888:  56.     C.  IL  Drapeh.     On  the  polarization  of  platinum  platee.    (In 
snlfuric  acid.)  Pt. 

Phil.  Mag.  [5],  25  (1888),  487;  Jsb.  Chem.  1888,  392. 

57.  C.  Fromme.  Ueber  das  Maximum  der  galvanischen  Polari- 
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58.  F.  ExxER  and  J.  Tusu.  Studien  ztir  chemischen  Theorie 
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Proe.  Roy.  Soc.  London,  44  (1888),  151;  Chem.  News,  67  (iMk 
184;  J.  Chem.  Soc.  56  (1S89).  90;  Jsb.  Chem.  1888,  353, 

60.  E,  Wiedemann  and  H.  Ebebt.  Ueber  electrische  Ea^ 
dung  in  Gaaen  nnd  Flammen.     (With  platinum  electrodes.)     Pt 

Ann.  der  Phys.  (Pogg.)  [2],  35  (1888),  209;  Jsb.  Cheui^  1888,  10. 

61.  E.  N^^nRwoLD,  Ueber  die  Electricitatsentwicklinkg  an  esnem 

gliihenden  Platindraht.  Pt 
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C.  R.  109  (1889),  667;  Ber.  23  (1890),  11;  Cheno 
968;  Chem.  News,  60  (1889),  257;  J.  Chem.  I 
Jsb.  Chem.  1889,  601. 

1889:  13.     T.  Wilm.     (Ueber  das  Chloradditionsprod 
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J.  Russ.  Chem.  Soc.  21,  1  (1889),  346,  436;  Ber.  21 
soc.  chim.  [3],  2  (1889),  615;  Chem.  Centrl 
Chem.  Soc.  56  (1889),  951;  Jsb.  Chem.  1889,  5f 

1889:  14.     W.   Palmaer.     Ueber   die   Iridiumammon 


Oefversigt  Akad.  Forh.  Stockholm,  46  (1889),  : 
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Centrbl.  1889,  i,  277;  1891,  i,  309,  372;  J.  Che 
352;  60  (1891),  402,  1165;  J.  Russ.  Chem.  So< 
160;  Jsb.  Chem.  1889,  596. 

1889:  15.     S.  M.  Jorqensen.     Ueber  Metalldiaminvi 
Platins  und  des  Rhodiums). 
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1889,  1949. 
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J8.    J.    ViOLLB.     Sur   Talliage   du   kilogramme.     (Platinnm-iri- 
dinm.)  Ft,  Ir. 

C.  B,  108  (1889) »  894;  Chem.  CcntrbK  1889,  i,  807. 

17.  P.  SlLOW,     tJeber  die  Leginingen.     (Theoretical  concerning 
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Zt«ch.  physik.  Chem,  3  (1889),  605;  Jsb.  Chem.  1889,  70. 
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ISO.    C.  WiKKLEH.     Beitrage  zur  technischen  Gasanalyse.     (Use 
of  pAUadinm  chlorid  for  detection  of  carbon  monoxid.)  Pd. 

Ztttch.  anal.  Chem.  28  (1889),  269;  J.  Soc.  Chem.  56  (1889).  924. 

21.     K.  Jaiin.     Ueber  gjnthetische  Bildung  von  Formaldehyde. 
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24-     M.  Tbaubk.    Zur  Lehre  von  der  Auioxydation.     (Action  of 
pidladium  hydrogen.)  Pd,  Pt, 

Bcr.  22  (1889),  1496,  3057;  J.  Chem.  Soc.  5e  (1889),  937;  Jsb.  Chem, 
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J.  M.  Eder.    Ueber  die  Fortscl 
der  photomechanisehen  Druckverfahi 
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J.  283  (1892),  19. 

A.  Willis.    (Pktinum  in  photc 
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1889:  39.     F.  Richarz,     Ueber  das  elektromotorische  Verhalten  von 
Platin  in  Ueberschwefelsaure  iind  iiber  die  galvanische  Polarisa- 
tion bei  dev  Bi Idling  derselben,  Pt, 
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Bergr  und  Htitten  Ztg.  49  (1890),  237. 

1890:  2.     Laurent.    L'Industrie  de  For  et  du  platine  dans  TOuraL  Pt. 
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(1890),  390;  Chem.  Centrbl.  1890,  i,  960;  Chem.  Kewa,  01  (1890), 
228;  J.  Chem.  Soc.  58  (1890),  948;  Chem,  Ztg.  14  (1890),  Rep,  14S. 

1890:  12.    0,  Qeisenheiior.    Sur  les  chlorures  doubles  d'iridium  et 
de  phosphore.  Ir. 

C.  R.  110  (1890),  1004;  Ber.  23  (1890),  R.  380;  BuL  boc.  chim.  pj* 

4  (1890),  391;  Chem.  Centrbl.  1890,  i,  1019;  Chem.  News,  61 
(1890),  265;  J.  Chem.  Soc.  58  (1890),  1068, 

1890:  13.     G.  Geisenheimek.     Combinaisons  des  chlorures  doubles  de 
phosphore  et  d" iridium  avec  le  ehlonire  d'arsenic,  Ir* 

C,  R.  110  (1890),  133^;  Ber.  23  (1890),  R,  550;  Bnl.  soc.  chim,  pj, 
6  (1891),  1006:  Chem.  Centrbl.  1890,  ii,  204;  J.  Chem.  Soc.  .W 
(1890),  1069. 

1890:  14.    6,  Geisenheimer,    Sur  les  bromuree  doubles  de  phosphore 
et  d*iridium.  Ir. 

C,  R.  Ill  (1890),  40;  Ber.  23  (1890),  R.  552:  BuJ.  »oc.  cUlm,  pj,  • 
(1891).  1006;  Chem.  Centrbl.  1890,  il,  331;  J.  Chem.  Soc,  58  (1SS90), 
1383;  Ann.  chim.  phys*  [0],  23  (J891),  231;  J.  Rasa,  Chem.  Soc. 
24,  il  (1892),  32, 

1890:  15.    P.  ScHiTTZENBEHGER.     Sur  un  sulfocarbiu-e  de  platine.     Pt 

C.  R.  Ill  (1890),  391;  Ber.  23  (1890),  R.  680;  Bui.  eoc  chtm.  pj* 

5  (1891).  672;  Chem*  Centrbl.  1890,  H,  6fiR;  CUem,  New*.  €» 
(1890),  178;  J.  Chem.  Soc.  60  (1891).  19;  Chem,  Zt|f.  14  (18>0), 
Rep.  256. 
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H.  L6KDAHL.      Bidrag  till  kaonedoineu  om   platmasulfin- 
Brnas  konstitiition.  Pt. 

Are^krlft.  Univ.  Lund.  27,  ti  (1890-91),  3. 

1 17,     E,  LsioiB.    Becherchea  sur  les  nitrites  doubles  du  rhodium- 

Rh. 

C  IL  111  (1800).  106;  Bui.  soc.  chim.  [3],  4  (1890),  809:  Ber,  23 
(1890),  R,  630;  Chem.  CentrbL  1890,  ii,  332;  Chem.  News,  (S2 
(1890),  62;  m  (1891),  142;  J.  Chem,  Soc  58  (1890)»  1382;  60  (1891), 
80S. 

[18.     T.  WiLM.     (Kitrites  of  rhodium.)  Hh. 

J.  num.  Chem.  Soc.  22,  i  (1890),  361;  Chem.  Ztg,  14  (1890),  1036. 

(19.    A.  Jolt.    Siir  unc  nouvelle  s^rie  de  combinalsonfi  ammonia- 
call^  du  ruthenium^  d^rivtes  du  chlorare  nitroB^.  Eu. 
C.  R.  Ill  (1890),  969;  Ber.  24  (1891),  R.  68;  BuL  soc.  chim.  [3],  S 
(1891),  673;  Chem,  Centrbl.  1891,  i,  255;  J.  Chem,  Soc,  60  (1891), 
401, 

[  20.     A,  JoLY.     Sur  leg  chlorosels  de  riridium  et  sur  le  poids  at- 

oiTiique  de  cet  ^16raent  (192>75,  H  —  1).  Ir. 

C.  R.  110  (1890),  1131;  Ber.  23  (1890),  R.  548;  Chem.  CentrbU  1890, 

il,  85;  Chem.  News,  61  (1890),  301;  J.  Chem.  Soc.  58  (1890),  1067; 

2Uch.  anal.  Chem.  99  (1890),  747;  Ztsch.  physik.  Chem.  6  (1890), 

75* 

M.  JdBGEN8EN.     Zur  Coustltutioii  der  Cobaltbaaen.    I. 
(Reference  to  platinum  bases.)  Pt. 

J,  pmkt.  Chem.  [2],  41  (1S90),  429* 

0:  22.     S*     M.     JbROENSEN.      Ueber     Metalldiaminverbindungen, 
(CJhloroplatinates,)  Pt. 

J*  prakt.  Chem.  [2],  41  (1890),  440. 

123.    S.  M.  J5BGEK8EN.    Zur  Constitution  der  Kobalt-,  Chrom* 

ad  Rliodiumbasen.     IL     (Refereuee  also  to  platinum  bases,  and 

I  chloroplatinates.)  Rh,  Pt. 

J.  prakt.  Chem.  [2],  42  (1890),  206;  Bcr,  23  (1890),  R.  682;  BuL 
Aoc.  chim.  [3],  6  (1801),  1005;  Chem*  CeiitrbL  1890,  Li.  S43;  J. 
Chem.  Soc.  58  (1890),  1213. 


A*  CoBSA.     Sopra  un  nuovo  isoraero  del  sale  verde  del  Mag- 
OQa.     (Platoseniiaminchlorid.)  Pt. 

Gazz,  chim,  ItaK  20  tlS*'0).  725;  Ber.  23  (1890).  2503;  24  (1891),  R. 
388:  Chem.  CentrbL  l><ltO,  JI,  045;  J.  Chem.  Soc.  58  (1890),  1218; 
M^m.  Accnd.  Torino  [2],  41  (1S91),  1;  Atti  Acc^d.  Llncei  Roma 

[^],7,  i  (1891),  3, 
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1890:  25.     0.  Cabloren.    Om  nigra  ammo 
(Sulfites  of  platinum  base.) 

Oefversigrt  Akad.  Forh.  Stockholm, 
(1890),  1460. 

1890:  26.     0.  Carlgren  and  P.  T.  Clev 
kalische  Platinverbindungen. 

Oefvers.  Akad.   Forh.   Stockholm, 
Chem.  1  (1892),  65;  Ber.  25  R.  (II 
i,  555;  J.  Chem.  Soc.  64,  ii  (1893),  1 

1890:  27.    L.  Pigeon.    CJhaleur  de  formal 

C.  R.  110  (1890),  77;  Chem.  Centrbl 
(1890),  439;  Ztsch.  physik.  Chem. 

1890:  28.    C.  T.  Heycock  and  F.  H.  Nev 

metals  when  in  solution.     (Platinum 

J.  Chem.  Soc.  57  (1890),  376;  Proc. 

(1891),  R.  693;  Ztsch.  physik.  Chei 

1S90:  29.    J.  TJhl.    Ueber  Einwirkung  von 
(Palladium  and  platinimi.) 

Ber.  23  (1890),  2151;  J.  Chem.  Soc. 

1890:  30.    A.    Classen.    Bestimmung   de 
muths.     (Note  on  presence  of  iron  ir 
Ber.  23  (1890),  938. 

1890:  31.    E.  Enoel.     Sur  I'oxydation  de 
un  palladium  hydrog^ne  en  Fabsence 
C.  R.  110  (1890),  786;  Ber.  23  (1890), 
690. 

1890:  32.     0.  Loew.     Darstellung  eines  8< 

Ber.  23  (1890),  289;  BnL  soc  chi 
Centrbl.  1890,  i,  577;  BingL  pol.  J 
58  (1890),  453;  Chem.  Ztg.  14  (II 
(1893),  242;  Ztsch.  anal.  Chem.  31 
9  (1890),  550. 

1890:  33.     0.  LoEW.    Bildimg  von  Salpet 

freiem  Stickstoff.     (Under  the  infiue 

Ber.  23  (1890),  1443;  J.  Chem.  Soc  5) 

1890:  34.     0.  I^ew.     Katalytische  Beduc 
platinum  black.) 

Ber.  23  (1890),  3125;  J.  Chem.  Soc  6< 
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fSo,  H.  DUPBT,  (Cr^'stallography  of  potassium  nithenate  and 
perruthenate.)  Bu. 

Bui.  fioc.  fran?.  min.  11,  215;  Chem.  CcntrbL  1890,  i,  374. 

[36.     H.   DuFET.     (CryBtallogTaphy   of  nitrosoruthenium   deriva- 
tives and  rhodium  oxalates.)  Bu,  Eh. 
BuL  »oc.  train:,  min.  12,  466;  Chem.  CentrbL  1890,  i»  247. 

1 87.     H*  DuFET.     (Crystallography  of  double  iridium  ehlorids.)  Ir. 
Bui,  soc.  irrmq,  min.  ;  Chem.  CentrbL  1890,  ii,  542, 

1 38»  J.  Thielk.  Zum  Nachweis  des  Arsens.  Inaug.  Diss.  Halle 
A.  S.,  18D0-  (3.  Ueber  die  Anwendung  des  platinirteii  Zinks  im 
Marsch'chen  Apparat*)  Pt. 

Ann.  Chem.  (Liebig),  265  (1891),  63. 

89.    E.  T.  Smith  and  H.  F.  Kelleb.    The  action  of  hydrogen 
sulphide  gas  upon  metallic  amines.     (On  palladium  bases.)      Pi 

Chem.  News,  62  (1890)»  2^0;  Her.  2,^  (19Q0).  337.1;  24  (1891),  R.  10»; 
Chem.  CentrbL  1891,  i,  135;  J.  Chem.  Soc,  GO  (iy91)»  272. 

1 40,  E.  F.  Smith  and  H.  F.  Kellkr.  The  electrolytic  method  aa 
applied  to  palladium.  Pd, 

Amer.  Chem.  J.  12  (1890),  212;  J,  Frank.  Inst.  130  (1890),  233; 
Her.  23  (1890),  R.  414:  Chem.  CentrbL  ISOU,  i,  946;  1891,  li,  85; 
Chem.  News,  63  (1891),  253;  J.  Chem,  Soc.  58  (1890),  831;  Ztach. 
ansrew.  Chem.  1891,  650;  Sehoal  of  Klines  (N.  Y.)  Quart.  11 
(1890),  374. 

41.     E.  F:  Smith  and  L.  K.  Frankel.     Electrolytic  separations. 
(Mercury  from  palladium.)  Pd, 

Amer.  Chem.  J.  12  (1890),  428;  Chem.  CentrbL  1890.  U,  267;  J» 
Chem.  Soc  58  (1890),  1020;  J.  Soc  Chem.  Ind.  9  (1890),  1067. 

[4^*     £.  Matthey.     The  liquation  of  gold  and  platinum  alloys. 

Pt. 

PhlL  Trans.  London,  183  A.  (1892),  629;  Proc.  Roy.  Soc  London, 

47    (1890).  180:   Ber.  23    (1890),   R.   361;  BuL  aoc.  chim.    [3],  4 

(1890).  824:  Chem.  CentrbL  1890.  i,  669;  Chem.  News,  61  (1890), 

|111;  J.  Chem.  Soc  68  (1890),  947;  J.  Soc  Chem.  Ind.  9  (1890). 

24. 

[4S.    W.  H.  Wahl.    On  the  electrodeposition  of  platinum.        Pt* 

J.  Frank,  Tnst.  130  (1990),  62;  Chem.  News,  62  (1890),  33,  40; 
Chem.  CentrbL  1890,  ii,  :i60;  Zl»ch.  fvngyw,  Chem,  1890,  455;  J. 
Soc  Chem.  Ind.  9  (1890).  867. 

^44.    L,  N.  P.  PoLAKD.     Iridiumfaden  fiir  Gfuhlampen,  Ir* 

^ectroteeh.  Zt^oh.  1890,  Aug.  29;  I>ingL  poL  J.  276  (1890),  46. 
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1890:  45.    E.  H.  Gbipfiths.     On  the  determination  of  some  boiHng  i 

freezing  points  by  means  of  the  platinum  thermometer.  Pt. 

Phil.  Trans.  LondoD,  1S3  A.  (1891),  43;  Proc.  Roy.  See.  Loodon. 
48  (ISyO),  220;  J.  Chern.  Soc.  60  (1891),  251, 

1890:  46.     H.  L.  Callekdab  and  E.  H.  Gbiffiths.     On  the  determina- 
tion of  the  boiling  point  of  sulphur  and  on  a  method  of  standard* 
ising  platinum  resistance  thermometers  by  reference  to  it.        Pt. 
Phil,  Trans.  London.  162  A.  (1891).  119;  Chem.  Centrbl.  18M,J 
252;  Chem.   News.  63   (18U1),  1;  J.  Chcm,  Soc.  60   (1891),  111 
Ztsch.  physik.  Chem.  7  (1891),  332;  Ztsch.  anal,  Chem.  31  (1SV2), 
549. 

1890:  47.     B.  E.  Liebegano.     (Platinum  metals  in  photography.) 

Pt,Ir/PdJ 

Pliotog.  Archiv,  31  (1890),  170;  Dingl.  pel.  J.  283  (1892),  19;  ChefflT 
Ztg.  14  (1890),  Rep,  270. 

1890:  48.    F.  P.  Perkins.     Note  on  the  displacement  of  silver  by  plati- 
num  and  palladinm  (in  toning  photographs).  Pt,  Pd. 

Chem,  News,  61  (1S90),  87;  Chem.  Centrbl.  1890,  i,  577. 

49.  L.  Clark.     *'  Platinum  toning,"  London,  1890, 

DiQgl.  pol.  J.  283  (1892),  18. 

50.  Gastein.    (Platinum  in  photography.) 

Bui  soc,  franc,  photog,  1890.  21;  Biugrl,  ik>1.  J.  283  (1892),  19. 
.     Ein  neues  Platintonsak. 


1890: 
1890: 
1890: 
1890: 
1890: 

1890: 
1890: 

1890; 
1890: 
1890: 


51.     

Photog-.  Archiv,  31  (1890),  33;  Chem.  Centrbl.  1890, 1,  552. 

52.  Lenhard.     (Platinum  in  photography.)  R 

PhotoiT.  Corresp.  1890.  107;  Dingl.  pol.  J.  283  (1892).  19. 

53.  Masse.     (Platinum  in  photography.) 
Photog,   Nachr.   1890,   165;   from   La   Nature;   Ding],   pol-  J.  K 

(1892),  18. 

54.  Blancharb.     (Platinum  in  photography.) 

Photog,  Rundsch.  1890,  22;  Dingl.  pol.  J.  283  (1892),  18. 

65,    Harrison.     (Platinum  in  photography.) 

Bill,  asfioc.  Beige  photog.  1890,  5S3;  Dingl.  pol.  J.  283  (1892),  19. 

56.  — .     Neues  Platintonverfahren. 

Phot.  Mittheil.  26  (1890),  323;  Chem,  Ztg.  14  (1890).  Rep,  122. 

57.  C.  Berthiot.     (Iridium  in  photography.) 
Photog.  Notizen,  1890,  No.  309;  Dingl.  pol.  J.  253  (1892),  18, 

58. .     (Iridium  chlorid  paper  in  photographyj 

Phot.  Mittheil.  27  f  1R90).  139;  Chem.  Ztg.  14  fl890'i.  Rct3. 
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1 59.    %T.  Elstkr  and  H,  Gbiteu    Ueber  Ozonbildung  an  gliihcn- 

den  Platinfliichen.  Pt. 

Ann.  der  Phys.  (Pogg.)  [2],  39  (1890),  321:  J.  Chem.  Sue.  SB  (1890), 
676;  Phil,  M&g.  [5],  29  (1890),  376, 

SO.     L.  Abons.     Beobachtiingen  an  elektrischpolarisirten  Platin- 
spie^eliL  Pt, 

Siizber.  Aktid,  Berlin,  1890,  069;  Ann.  der  Phys*  (Vogg,)   [2],  41 
(isim),  473;  Zt»ch.  physik.  Chem.  6  (1890),  S87. 

[61.      T.    Aboyropoulos.      Oscillationen    eines    weissgluhenden 
Platindrahta  durch  wiederbolte  Stromunterbrechungen.  Pt. 

Ann.  der  Phys.  (Po^ri?.)  (3],  41  (1890),  503. 

'  62.     H.  Le  Chatelieb.     8ur  la  rteistance  ^lectriqxie  des  raetsux. 
(Platinum  and  platinum-rhodium.)  Pt,  Bh. 

C,  B,  111  (1800),  454;  Dlngl.  poI.  J.  280  (1891),  23;  J.  Chero.  8oc. 
fiO  (1891),  5. 

,  63.     F.  BiCHAitz.     Ueber  die  galvanische  Polarisation  vnn  Platin- 
electroden  in  verdiinnter  Schwefelsanre.  Pt 

Ann.  der  Phys.  (Poffg.)   [2],  3t)  (1R(»0),  67,  201;  J.  Cliem.  Soa  58 
(1890)»  551,  670p:  Ztsch.  physik.  Chem.  5  (1890),  284, 


1.     R.  IIelmhackeb. 

dea  Plat  ins  am  Ural. 


Ueber  das  Vorkommen  nnd  die  Production 

Pt. 


Berg  und  Hiitten  Ztg.  50  (1891)|  157;  Ztsch.  angew«  Cbem.  1891, 


301. 


2,     — '.    Production  des  Platins  in  Rui^ekmd,  1881-1886. 

Chem.  Indust.  H  (1891),  15.  Pt,  Pd,  Ir,  Rh,  Oa,  Ru. 

8.  K.  Sbubbbt.  Die  Atomgcwichte  der  Platinraetalle.  (Ru, 
101.4;  Rh,  102.7;  Pd,  106.35;  Os,  190.3;  Ir.  192.5;  Pt,  194.3; 
0  =  15.96.)  Pt,  Pd,  Ir,  Rh,  Os,  Bu. 

Ann.  Chem.  (Liebig),  261  (1891),  272;  Ber,  24  (1891),  R.  260;  BitL 
soc.  chim.  [3],  7  (1H92).  :iO;  Chem.  Centrbl.  1891,  I  492;  J.  Chem. 
Soc.  60  (1891).  885;  Ztscli.  angew,  Chem,  1891,  148;  Chem.  Ztg. 
U  (1891).  Rep.  65;  ZtBoh.  anaU  Chem.  ao  (1S91>*  TSa. 

'4.    K.  Seubert.    Ueber  das  Atomgewicht  dea  Oamiuma  (190.3, 
0  =  16.96).  Os. 

Ann.  Chem.  (Liebig),  201  (1891).  257;  Bcr.  24  (1891),  R,  2.59;  Bui. 
f»oc.  chini.  [3],  7  (1892),  50:  Chem.  Centrbl.  1«91,  1.  492:  J.  Chem. 
Soc.  60  (1891),  884;  J.  anal.  Chem.  (Hart),  6  (1891).  221;  Chem. 
Ztg.  16  (1891),  Rep.  65. 
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1891:  5.    L.  Pigeon.    Sur  deux  nouvelles  < 

chlorure  platinique  avec  Tacide  chlor 

C.  R.  112  (1891),  1218;  Ber.  24  (1891 

6   (1891),   548;  Chem.  News,  63   ( 

(1891),  1325;  J.  Russ.  Chem.  Soc. 

15  (1891),  Rep.  161. 

1891:  6.    M.  Vezes.     Sur  les  sels  bromoazo 
(Bromo-  and  iodo-nitrates.) 

C.  R.  112  (1891),  616;  113  (1891),  696 
175;  7  (1892),  148;  Ber.  24  (1891), 
Centrbl.  1891,  i,  782;  1892,  i,  152; 
64  (1891),  284;  J.  Chem.  Soc.  60  (18 

1891:  7.    I.  Guabeschi.     (Platinum  thiocy 
Giom.  Accad.  Med.  1891;  Chem.  Ck 
Soc.  62  (1892),  286. 

1891:  8.  ,  A.  Rosenheim.    Ueber  die  Einwi 
auf  wolframsaure  Sake. 

Ber.  24  (1891),  2397;  Bui.  soc.  ch: 
CentrbL  1891,  ii,  454;  J.  Chem.  Soc 

1891:  9.     E.    ScHNEiDEB.     Ueber   zwei   r 
platinostannates.) 

J.  prakt.  Chem.  [2],  44  (1891),  507; 
682;  Chem.  CentrbL  1892,  i,  151;  J 

1891:  10.    F.  Mylius  and  F.  Foebstbb.    X 
Kohlenoxydplatins. 

Ber.  24  (1891),  2424;  Bui.  soc.  chl 
Centrbl.  1891,  ii,  454;  J.  Chem.  £ 
Chem.  Soc.  23,  ii  (1891),  160;  J.  So< 

1891:  11.    F.  Foebsteb.    Einige  weitere  B 
oxydhaltige  Platinverbindungen. 

Ber.  24  (1891),  3751;  Chem.  Centrbl. 
(1892),  352;  BuL  soc.  chim.  [3],  8  (: 

1891:  12.    W.  PuLLiNGEB.    Volatile  platim 

carbonyl  compounds  and  preparation 

J.  Chem.  Soc.  59  (1891),  598;  Ber.  24 

Bui.  soc.  chim.  [3],  6  (1891),  852; 

Chem.  News,  63  (1891),  307;  J.  B 

224;  Chem.  Ztg.  15  (1891),  919;  Pro 

1891:  13.    0.    T.    Ghbisten8bn.    Bhodanc 
(Chloroplatinatee.) 

Skriften  Danske  V\d.  Selsk.  Kjobc 
Chem.  Soc.  62  (1892),  798. 
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Lb  Bkl,     Sels  doubles  formes  par  les  cWoroplatinates  dm 
ammoniaques.  Pi* 

BuL  80C.  chim.  [3],  5  (1S01),  723. 

16.    A,  JoLY,    Becherches  swt  rosmimn;  acide  osmiamique  et 

[  otmiamatea.  Os. 

a  R.  112  (1S91),  1443;  Ber.  24  R.  (1891),  f.aii;  Bui.  soc.  chim.  f3j^ 

7  (1892).  146;  Cbem.  Centrbl.  1891,  ii.  252;  Chem.  News,  64  (189lj> 

Z^;  J.  Cbem*  Soc.  60  (1S91),  1433. 

A.  Jolt.    Sur  quelques  combiDaisons  salines  des  composes 
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1895:  8    Boessler 

1855 

7     Lowig                      ^^H 

Iridium. 

1855 
1855 

'  8    Anderson              ^^^| 
'  9    Wurtz                    ^^H 

1834:  10  Bottgrer 

1855: 

16  Wcltzien   (cryst.)      S 

1893:  14  Antony 
1893:  15  Antony 

1855: 
1856 

17  Marignac    (crvst)     H 

2     Scheibler                      ■ 

RhcHiiuEQ. 

1856: 

3     Salm-Horsttniir           H 

1821:  3     Berzelius 

1856 

4    Bofmann  and  Cahou^l 

1883:  6     Debray 

1856 

11  Gibbs  and  Genth     ^B 

1857 

9     Hofmann 

Osmium, 

1857: 

14  Bescloizeaux   (cryst) 

1877:  12  von  Meyer 

1858: 

4     Williams                        ■ 

SiXENma. 

1859: 
1360: 

15  Knop                         ^^H 
7    Boedeker              ^^^H 

1818:  5    Berzelius 

1830:  9a (pallfldium) 

1895:  8    Koessler 

1860: 

1860: 
1861; 

9    Klippel                  ^^B 
11  Hofmann              ^^^H 

2    Sella                       ^^M 

17*  HALOGEN  COifPOUNDS. 

1861: 
1S61: 

7  KirchhofT  and  BnoflM 

8  Hoh&mann            ^^^H 

1888:  34  Hampe 

1861: 

10  Lan^                     ^^^1 

1889:  6    Pigeon 

1861: 

15  Clere                      ^^^| 

1893:  22  Werner 

1862: 

11  BaudrimoDt         ^^^| 

PLATHfUM  CRLOBII>e. 

1S62: 

13  Braun                     ^^^| 

1782:  2     Wen»el 

1S63: 

4    Bottler                 ^^H 

1783:  1    de  risle 

1863: 

5    MiUon  And  Cooia^H 

L 

■ 
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8 

Schrotter 

9 

Crookes 

10  Crookes 

13 

Eopp 

2 

Zepharovitch   (cryst.) 

3 

Cleve 

16  Commaille 

4 

Bimbaum 

6 

Weber 

8 

Topsoe 

26  Riemann    (as  indelible 

ink) 

3 

Norton 

4 

Thomsen 

32  Thomsen   (themio- 

chem.) 

6 

Lawrow 

19 

Topsoe   and   Christian- 

sen (cry St.  and  opt.) 

21  Thomsen    (thermo- 

chem.) 

3 

Norton 

5 

Marignac 

6 

Welkow 

7 

Gibbs 

30  Schroder 

13  Thomsen 

16  Welkow 

18  Cleve 

24  Jolin 

31 

Topsoe  (cry St.) 

41 

Topsoe  (cry St.) 

13 

Godeffroy 

24 

Meyer  and  Locher 

12  Nilson 

13  Nilson 

14  Calhoun 

42  Clarke 

6 

Jorgensen 

7 

Frerichs  and  Smith 

8 

Clcve 

13  Nilson  and  Petterson 

20  Bottger 

30  Clarke 

43 

Thomsen  (thermo- 

chem.) 

9 

Heintz 

10 

Jorgensen 

17 

Reinitzer 

18 

Seelheim 

19 

Meyer 

20  Smith 

21 

Diinninp'ton 

23  Gintl 

8 

Chris  tensen 

13 

Cleve 

1880 

:  15  Ditte 

1880 

:  17  Eder 

1881 

:  8    Hesse 

1881 

13  Clarke  and  Owens 

1881: 

14  Jorgensen 

1881 

:  17  Dewar  and  Scott 

1882' 

10  Jorgensen 

1882 

19  Gavazzi 

1882- 

21  Topsoe 

1883 

12  Cleve 

1883 

15  Opiflcius 

1883 

:  16  de  Coninck 

1883 

:  17  Levallois 

1883 

:  18  Gove 

1884 

5    Jorgensen 

1884 

6    Jorgensen 

1884 

:  9    Romania 

1884 

:  10  Raoult 

1885 

:  3    Cleve 

1885 

:  4    Cleve 

1885 

5    Jorgensen 

1886 

:  12  Foussereau 

1887 

:  4    Malbot 

1887 

5    Jorgensen 

1887 

:  8    Semmler 

1887 

:  18  Duclanx 

1887 

:  52  Miesler 

1888 

4    Engel 

1888 

5    Stolba 

1888 

:  6    Laird 

1888' 

7    Klinger  and  Maassen 

1888 

:  9  ,  Weibull 

1888 

:  23  Gerlach 

1888 

:  25  \Valden 

1888 

:  26  Riidorff 

1888 

:  28  Barfoed 

1889 

:  19  Ostwaid 

1890 

:  27  Pigeon 

1891 

5     Pigeon 

1891 

:  13  Christenen 

1891 

:  14  Le  Bel 

1891 

23  Seubert  and  Schmidt 

1891 

25  Pigeon  (thermo-chem.) 

1891 

26  Pigeon  (thermo-chem.) 

1892: 

7    Pullinger 

1892 

8    Shen stone  and  Beck 

1892: 

17  Jorgensen 

1892 

43  Holleman 

1892 

44  Pfiligot 

1893 

11  Montemartini 

1893 

12  Shenstone  and  Beck 

1893 

13  Le  Bel  (cryst.) 

1893 

33  Lea 

1894 

8     Lea 

1894 

10  Pigeon 

1894 

17  Werner  and  Miolati 
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1895:  13  Werner 
1395:  6    Pigeon 
1895:  27  Sonstadt 
1896:  4    Herty 
1896:  5    Miolati 
1896:  6    Hake 
1896:  7    Smits 

"  Nitroso  "  chlorids. 
1840:  4    Rogers  and  Boye 
1867:  6    Weber 
1890:  8    V^zes 

Compounds   op   Platinum   Chlo- 
rids.   "  Acechlorplatin." 
1829:  12  BerzeUus 
1831:  4    Zeise 
1831:  5    Zeise 
1834:  13  Liebig 
1836:  5    Zeise 
1837:  8    Liebig 
1838:  8    Zeise 
1839:  4    Malaguti 

with  phosphorus  compounds. 
1870:  5    Cahours  and  Gal 
1870:  6    Cahours  and  Gal 
1870:  7    Cahours  and  Gal 
1870:  8     Kolbe 
1870:  9    Schiitzenberger 
1870:  25  Descloiseauz  (cryst.) 
1872:  4    Schiitzenberger  and 

Fontaine 
1872:  5    Saillard 
1876:  18  Quesneville 
1878:  9    Cochin 
1881:  11  Pomey 
1885:  16  Kulisch 
1887:  6    Pomey 

with  carbon  monoxid. 
1825:  4     Zeise 
1868:  6    Schiitzenberger 
1870:  9    Schiitzenberger 
1891:  10  Mylius  and  Foerster 
1891:  11  Foerster 
1891:  12  Pullinger 

with   ethylene. 

1861:  14  Griess  and  Martius 
1867:  5     Birnbaum 
1871:  7     Sadtler 

with  ethyl  cyanid. 
1858:  2    Henke 
1858:  3     Thaun 

Platinum  Bromids. 
1826:  7     Balard 
1828:  10  Bonsdorff 


1832: 

4    Bo 

1868: 

8    To 

1871: 

19  To 

1874: 

f 

41  To 

1880: 

5    Me 

1891: 

12  Pu 

1892: 

34  Pij 

Chloro-bromi< 

1879: 

7    Pit 

"  Acebrompla 

1861: 

13  Ni< 

Compound   o: 

with  ethj 

1870: 

22  Ch 

lODIDB. 

1814: 

6    Ru 

1823: 

3     SU 

1825: 

7      Pl€ 

1825: 

8      Pl€ 

1829: 

13  La 

1832: 

5    Lai 

1832: 

6    Lai 

1832: 

7   on 

1832: 

8    Ka 

1833: 

17  Ka 

1833: 

18  Ka 

1833: 

19  Lai 

1833: 

20  Ph 

1835: 

15  Ma 

1836: 

6    Bu 

1855: 

6    Cle 

1856: 

12  De 

1860: 

7    Bo 

1868: 

8    To 

1878: 

21  Sel 

Chloro-iodids. 

1868: 

2    Kii 

FLU0BID6. 

1823: 

4    Be 

1877: 

8    Cl8 

1885: 

9    Mc 

1889: 

8    Mc 

Palladium  C 

1827: 

11  — 

1828: 

10  Bo 

1846: 

12  Ro 

1867: 

7     Crt 

1869: 

11  To 

1874: 

14  Wc 

1874: 

15  Wc 

1874: 

17  Wc 
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1878:  6    GodefProy 
1879:  8    Drechsel 
1895:  13  Werner 

Compounds  with  phosphonis 
compounds. 
1892:  15  Fink 

Bromids. 

1828:  10  Bonsdorfl 

1894:  9    Smith  and  Wallace 

**  Acebrompalladium." 
1861:  13  Nickl^s 

lodids. 

1825:  8    Pleischl 
1833:  16  Lassaigne 
1835:  17  Lassaigne 
1856:  12  Deville 
1875:  22  Zenger 

Ibidiuh  Chlobids. 

1811:  6    

1814:  4    Vauquelin 

1834:  16  Kastner 

1836:  3    Hermann 

1847:  7    Claus 

1847:  8    Claus 

1847:  10  Claus 

1849:  4    Jewreinow 

1852:  6    Earmrodt  and  Uhrlaub 

1856:  13  Keferstein  (cryst.) 

1858:  7    Claus 

1860:  6    Qibbs 

1860:  7    Boedeker 

1866:  18  Dragendorfl 

1875:  14  Lasaulx  (cryst.) 


Rhodium 
1815:  1 
1838:  4 
1856:  13 
1875:  14 
1883:  5 
1884:  2 
1885:  7 
1886:  12 
1888:  10 
1888:  11 
1892:  11 
1895:  13 


Chlobids. 
Vauquelin 
Biewend 

Keferstein  (cryst.) 
Lasaulx  (cryst.) 
Wilm 
Wilm 
Vincent 
Foussereau 
Leidig 
Leidi^ 
Wilm 
Werner 


Osmium  Chlobids. 

1836:  3    Hermann 
NiTBOSO  Chlobids. 

1896:  9    BHzard 
KtTHEjfiuw  Chlobids, 

1847:  10  Claus 

1857:  12  Senarmont  (cryst.) 

1859:  8    Claus 

1866:  18  DragendorfiP 

1892:  33  Joly 

Nitrosochlorids. 
1888:  14  Jo^v 
1889:  9    Joly 
1890:  36  Dufet  (cryst.) 
1894:  11  Howe 
1894:  11  Clark  (cryst.) 
1895:  7    Brizard 
1896:  8    Brizard 

18.  COMPOUNDS  of  platinum  with 
CARBON. 


1885:  6    Vincent 

1881:  12  Schiitzenberger 

1890:  12  Geisenheimer 

(with 

1881:  14a  Colson 

PCI.) 

1885:  10  Griffiths 

1890:  13  Geisenheimer  (with 

1890:  15  Schiitzenberger  (and 

AsCl.) 

sulfur) 

1890:  20  Joly 

1896:  11  Moissan  (rhodium,  pal- 

1890: 37  Dufet  (cryst.) 

ladium  and  iridium) 

1891:  27  Gladstone 

1896:  14  Ferreira  da  Silva  (with 

1893:  14  Antony 

carbon  monoxid) 

1895:  13  Werner 

with  ethylene. 

19.  with  SILICON. 

1871:  7    Sadtler 

1821:  4    Boussingault 

1823:  4    Berzelius  (also  rho- 

Bromids. 

dium) 

1865:  6    Bimbaum 

1857:  15  Deville 

1890:  14  Geisenheimer  < 

[with 

1864:  4     Winckler 

PBr.) 

1874:  35  Reichardt 

lodids. 

1876:  14  Guyard 

1835:  17  Lassaigne 

1876:  15  Boussingault 

1857:  7    Oppler 

1882:  35  Colson 
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1882:  36  Schiitzenberger  and 

Colson 
1885:  11  Memminger 
1886:  4    Miles 
1803:  30  Warren 
1806:  12  Vigouroux 

20.  with  TIN. 

1882:  7     Ditte 

21.  with  PHOSPHORUS.       . 

1702:  2    Pelletier 

1812:  2    Davy 

1840:  5    Schrotter  (also  palla- 
dium) 

1883:  10  Clarke  and  Joslin  (with 
platinum  metals) 

1806:  13  A.  Granger 

with  arsenic 

1827:  12  Fischer 
1884:  4     Tivoli 

1805:  8    Boessler  (also  with  an- 
timony and  bismuth, 
and  with  palladium) 
with  boron. 

1850:  17  Martins 

22.  BROMATES. 

1841:  0    Rammelsberg       (plati- 
num and  palladium) 
lodates. 

1831:  6    Connell  (platinum) 
1845:  10  Aquilina  (platinum) 


23.  SULFITES. 

Platinum. 

1838:  5 

Dobereiner 

1842:  0 

Litton    and     Schneder- 

mann 

1843:  0 

Berthier 

1847:  7 

€laus 

1861:  0 

Lang 

1866:  7 

Birnbaum 

1860:  12 

Bimbaum 

1800:  10  Seubert  and  Kobb6 

Palladiun] 

i. 

1874:  20  Wohler 

Iridium. 

1847:  7 

Clans 

1865:  7 

Birnbanm 

1878:  10  Seubert 

1800:  10  Seubert  and  Kobb§ 

Osmium  and  ruthenium. 
1847:  7    Clans 

Sulfates,  iridium. 
1883:  8    de  Boisbaudran 
1883:  9    de  Boisbaudran 

Thiosulfates,  platinum. 
1842:  11  Hlmly 
1866:  8    Schottlander 
1885:  8    Johnson 

Selenates,  platinum. 

1827:  12a  MitscherUch 
Chromates. 

1892:  6    Frenkel 

24.  NITRITES. 
Platinum. 

1848:  5    Fischer 

1861:  9    Lang 

1869:  18  Blomstrand 

1876:  13  Nilson 

1877:  7    Thomsen 

1877:  16  Nilson 

1877:  17  Nilson 

1878:  13  Nilson  and  Pettcrson 

1878:  14  Nilson 

1870:  12  Qroth  and  Nilson 

1879:  30  Topsoe  (cryst.) 

1891:  6    VSzes 

1802:  12  Vdzes 

1803:  18  Vezes 

1893:  19  V^es 

Palladium. 
1892:  13  V^zes 

Iridium. 

1871:  8    Gibbs 

1895:  12  Joly  and  Leidi^ 

Rhodium. 
1890:  17  LeidiS 
1890:  18  Wilm 

Ruthenium. 

1880:  12  Joly  and  Vezes 
1894:  13  Joly  and  Vdzes 

Phosphates,  platinum. 

1830:  9    Fischer  (platinum 

metals) 
1866:  10  Gladstone     (pyro-phos- 

photriamate) 
1880:  6     Eug-el  {hypopboesphite) 
1805:  0     Rnnictt 
1806:  16  Ffnnk    (phospho-palla- 

dic  ethers) 
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Arsenates. 

1820:  2  Thomson  (platinum, 
palladium  and  rho- 
dium) 

1886:  5    Gibbs  (platinum) 

Arsenites. 
1894:  12  Hei chard    (platinum 

and  palladium) 
1895:  10  Stave nhagen 

"  Cobnltatei    platinum, 
1799:  4    Brugnatelli 
1896:  34  Hazen 


Stannates,  platinum. 

1884 

:  3    Schiitzenberger 

Thiostannates,  platinum. 

1892 

:  14  Schneider 

Selenostannates,  platinum. 

1891 

:  9    Schneider 

Platomolybdates. 

1790 

:  2    Hielm 

1877 

:  15  Qibbs 

1886 

:  5    Gibbs 

1895 

:  11  Gibbs 

Platotungstates. 

1877 

:  15  Gibbs 

1886 

:  5    Gibbs 

1891 

;  8    Rosenheim 

1895 

:  11  Gibbs 

25.  CYANID8. 

1860 

:  14  Martins 

1893 

:  22  Werner 

Platinum. 

1822 

2    Gmelin  and  Wohler 

1836 

:  4    Dobereiner 

1837 

:  7    Kammelsberg 

1842 

:  8    Kane 

1842 

:  10  Enop 

1842 

:  16  Haidlen  and  Freseniuf 

1847 

:  14  Quadrat 

1847 

15  Rammelsberg 

1847 

'  16  Laurent 

1847 

17  Haidinger  (opt.) 

1847 

18  Haidinger  (opt.) 

1848' 

9    Baumert 

1849 

7    Haidinger  (opt.) 

1850 

9    Schabus 

1850 

16  Brewster  (opt.) 

1852 

.  10  Haidinger  (opt.) 

1853 

:  9    Stokes  (opt.) 

1853 

10  Stokes  (opt.) 

1855: 
1855: 
1855: 
1855: 
1856: 
1857: 
1857: 

1857 
1858 
1859 
1859 
1859 
1859 
1859 
1860 
1860 
1860 
1861 
1863 
1863 
1863 
1864 
1865 
1866 
1866 
1867 
1868 
1869 
1869 
1869 
1870 
1870 
1871 
1871 
1872 

1872: 
1873: 
1874: 
1874: 
1874: 
1874: 

1875: 

1875: 
1877: 

1878: 
1879: 
1880: 
1880: 
1880: 
1880: 
1880: 
1881: 
1883: 


12  Schafarik 

13  Bottger  (opt.) 

14  Stokes  (opt.) 

20  Haidinger  (opt.) 

7  Weselsky 

8  Sehwarzenbach 

13  Grailich  and  Lang 

(cry  St.) 

14  Deecloiiseflux  (crj^st.) 

17  Grailich  (opt.) 

12  Enop 

13  Werther 

14  Schwarzenbach 

18  Becquerel  (opt.) 

19  Greiss  (opt.) 

12  Hadow 

13  Czudnowicz 

16  von  Rath  (opt.) 
12  Lange 

6  Debus 

7  Dellfs 

18  Quincke  (opt.) 

11  Ditscheiner   (cryst.) 

9  van  der  Burg 
11  Rossler 

28  Lang 

8  Carstanjen 
3    Diakonow 

15  Weselsky 

17  Blomstrand 

18  Blomstrand 

19  Preiss 

29  Schoras  (opt.) 

9  Friswell 

10  Toczynski 

6  Cleve  and  Hoeglund 

(cryst.) 

7  Bolton 

11  Hoist 

18  Cleve 
24  Jolin 

31  Topsoe  (cryst.) 
40  Hagenbach-Bischoff 
(opt.) 

19  Atterberg 

20  Vidau 

18  Friswell     and     Green- 
away 
17  Bertin 
31  Lonimel  (crvst.) 

11  Scholtz 

12  Richard  and  Bertrand 

30  Wiedemann  (opt.) 

31  Lommel  (opt.) 

32  Lommel  (opt  ) 
30  Lommel  (opt.) 
12  Cleve 
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,1883: 
1885: 
1886: 
1886: 
1886: 
1887; 
1887; 

1888: 
1888; 
1888: 
1888; 
1889: 
1893; 
1895: 
1895; 
1896; 
1896; 


19  KSnigr  (opt.) 
3    Cleve 

6  Wilm 

7  Wilm 

13  Lelimann 
9    Wilm 

39  Himly.LeiserandBard- 
thold 

16  Wilm 

17  Freund 

25  Walden 

26  RiidorfE 
13  Wilm 
26  Wilm 
13  Werner 
41  Macintyre 
21  Schertel 
41  Jackson 


1880:  10  JA 
1881:  13  C] 
1891:  7    G 

Palladium. 
1867:  7    C] 
1875:  16  K 

Selenocyana 
1878:  18  C] 

27.  BASES. 
Ammoniui£. 
1866:  6  C: 
1856:  8  W 
1862:  12  S< 
1893:  22  Vk 
1895:  13  \^ 


Palladium. 

1822:  2    Gmelin    and    Wohler 

1837:  7    Rammelsberg 

1852:  10  Haidinger  (opt.) 

1853:  2    B^champ 

1856:  13  Keferstein  (cryst.) 

1866:  11  Bossier 

1869:  15  Weselsky 

Iridium. 

1834:  12o  Booth 

1837:  7    Rammelsberg 

1852:  10  Haidinger  (opt.) 

Osmium. 
1895:  31  Dufet  (cryst.) 

Ruthenium. 

1895:  31  Dufet  (cryst.) 
1896:  22  Howe 

Osmiamic  acid. 
1846:  10  Fritsche  and  Struve 
1891:  15  Joly 


Platinum. 


26.  THIOCYANATES. 

Platinum. 

1854: 

9 

Buckton 

1856: 

5 

Claus 

1856: 

13 

Keferstein 

1868: 

4 

Skey 

1868: 

5 

Marcano 

1869: 

14 

Schneider 

1869: 

18 

Blomstrand 

1874: 

21 

Skey 

1874: 

22 

Skey 

1877: 

19 

WyroubofT 

1877: 

■\2 

Clarke 

1880: 

9 

Wyrouboff 

1828: 
1837: 
1838: 
1838: 
1840: 
1841: 
1841: 
1844: 
1844: 
1844: 
1846: 

1846 
1846 
1847 
1847 
1849 
1850 
1851 
1851 
1852 
1854 
1855 
1855 
1856 
1856 
1857 
1860 
1864 
1865 
1866 
1866 
1867 
1867 
1869 
1869 


11  M 


SJ 
G 
E 
R 


10  B 

11  K 

11  P 

12  R 

13  B 

5  E 

6  H 

11  R 

12  C 

13  P 


L 
G 
H 
B 
B 
C 


10  P 

11  P 

9  G 

10  G 

11  S< 

15  c: 

3  G 

4  CI 

12  C 

13  H 

9  CI 

10  T 

16  T 

17  B 
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1870: 

11  Cleve 

Iridium. 

1870: 

12  Cleve 

1852:  7    SkoblikofiP 

1870: 

13  Gordon 

1879:  11  Bimbaum 

1870: 

14  Blomstrand 

1889:  14  Palmaer 

1870: 

15  PhilUps 

1895:  16  Palmaer 

1870: 
1871: 

1871: 

16  Odlingr 

12  Cleve 

13  Cleve 

1895:  16a  Palmaer 
1896:  18  Palmaer 

1871: 

14  Cleve 

Bhodium. 

1871: 

15  Cleve 

1882:  11  Jorgensen 

1871: 

16  Blomstrand 

1883:  13  Jorgensen 

1871: 

17  Blomstrand 

1884:  6    Jorgensen 

1872: 

9    Topsoe  (cryst.) 

1886:  9    Jorgensen 

1873: 

10  Sharpies 

1889:  15  Jorgensen 

1876: 

30  Thomsen  (thermo- 

1890:  23  Jorgensen 

chem.) 

1891:  19  Jorgensen 

1878: 

15  Phillips 

1891:  20  Jorgensen 

1879: 

15  Drechsel 

1892:  18  Jorgensen 

1882: 

8    Gerdes 

1892:  19  Jorgensen 

1882: 

9    Drechsel 

1893:  20  Jorgensen 

1882: 

20  Hofmeister 

1894:  16  Jorgensen 

1883: 

20  Blomstrand 

1896:  19  Jorgensen 

1884: 

15  Drechsel 

1886: 

8    Jorgensen 

Osmium. 

1887: 

10  Cossa 

1858:  5    Gibbs  and  Genth 

1887: 

11  Beese 

1860:  6    Gibbs 

1888: 

19  Karfoed 

1881:  7    Gibbs 

1888: 

20  Haberland  and  Hane- 

kop 
15  Jorgensen 

Buthenium. 

1889: 

1889:  11  Joly 

1890: 

21  Jorgensen 

1890:  19  Joly 

1890: 

22  Jorgensen 

1892:  20  Joly 

1890: 

23  Jorgensen 

1893:  34  Mangin 

1890: 

24  Cossa 

1893:  35  Nicolle  and  Cantacu- 

1890: 

25  Carlgren 

zSne 

1890: 

26  Carlgren  and  Cleve 

1895:  15  Witt  and  Buntrock 

1892: 
1893: 

16  Petersen 

23  Werner  and  Miolati 

Platinum  bases  with  Hydroxy 

AMIN'. 

1894: 

15  Cossa 

1894: 
1894: 

17  Werner  and  Miolati 
26  Eumakow 

1871:  11  Lossen 
1887:  12  Alexander 

1895: 

13  Werner 

with  Ethylamin. 

1895: 

14  Kurnakow 

1892:  21  Cossa 

1895: 

17  Klason 

with  Anilin. 

1895: 

18  Klason 

1896: 

17  Schou 

1848:  7    Baewsky 
1870:  12  Cleve 

1896: 

20  Werner. 

with  Pyridin. 

Palladium. 

1885:  14  Hedin 

1841: 

12  Fehling 

1892:  21  Cossa 

1853: 

1    Miiller 

1893:  21  Cossa 

1860: 

6    Gibbs 

1895:  18  Klason 

1865: 

5    Baubiguy 

1896:  20  Werner 

1878: 

16  Deville  and  Debray 

with  Pyrazol. 

1880: 

7    Isambert 

1891:  18  Balbiano 

1890: 

39  Smith  and  Keller 

1892:  22  Bnlbiano 

1 
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with  XicoTiN. 
1848:  6    Raewsky 

with  CONIIN. 
1848:  8    Blyth 

with  ACETONAMIN. 

1876:  17  Heintz 
Platinum-sulfur  Bases. 
1876:  16  Kriigrer 
1885:  12  Enebuske 
1885:  13  Rudelius 
1887:  7     Lohndahl 
1888:  15  Blomstrand 
1890:  16  Lohndahl 
1895:  19  Klason 
1895:  19aHainberg 

Mercaptids. 

1834:  12  Zeise  (platimim) 
1844:  10  Wertheim    (plnlinmn) 
1877:  13  ClHessoii  (platinum,  iri- 
dium and  rhodium) 

Cacodyl  compounds. 
1842:  12  Bunsen 

28.  ORGANIC  COMPOUNDS. 
Platinum  ethyl. 
1852:  11  Enop 

Oxalates,  platinum. 
1833:  15  Dobereiner 
1847:  17  Haidinger  (opt.) 
1847:  18  Haidinger  (opt.) 
1858:  6     S(n](  hfiy  and  Lennsen 
1859:  16  Schlossberger 
1885:  15  Soderbaum 
1888:  18  Soderbaum 
1894:  14  Soderbaum 
1896:  20  Werner 

Rhodium. 

1890:  36  Dufet  (crj'st.) 
Ureas,  platinum. 

1881:  13  Clarke  and  Owens 
Thioureas,  platinum. 

1893:  24  Kumakow 

1893:  25  Sell  and  Easterfield 

Fulminates,  platinum. 
1817:  5     Davy 
1829:  11  Davy 
1878:  12  von  Meyer 

Platinum  compounds 
with  soap. 

1790:  3     Leonhardi 
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with  anthrazoth  lonb yd rntc* 

1817    6    Grotthus 
with  camphoric  acid* 

1823;  5     Brandes 
with  oenanthic  acid. 

1837:  9    Mulder 
with  thiolactic  acid. 

1883:  11  Levin 
with  glycocol. 

1892:  23  Wallin 


.   CONDENSATION   OF   HYDRO- 

GEN   ON    PLATINUM    (see 

also  Condensation  phenomena^ 

47). 

1823 

:  7    Dobereiner 

1823 

:  8    Dobereiner 

1833 

;  22  BouBsingault 

1836 

:  4    Dobereiner 

1868 

:  10  Graham 

1873 

:  3    Dewar 

1873 

:  21  Merget 

1873 

:  22  Pellet 

1874 

9    Favre 

1874 

:  10  Favre 

1875 

:  10  Smith 

1880 

:  18  Phipson 

1880 

;  19  Tommasi 

1885 

:  22  Kritscherosky 

1892 

:  68  Erakau 

1896 

:  23  Friedlander  (argon) 

Palladium. 

1868 

:  10  Graham 

1869 

:  4    Graham 

1869 

:  5    Graham 

1869 

:  6    Wurtz 

1869 

:  7    Bottger 

1869 

:  8    Roberts 

1869 

:  9    Dewar 

1869 

:  10  Hofmann 

1870 

:  2    Favre 

1871 

.  2    Bottger 

1871 

:  3    Lisenko 

1871 

:  4    Mohr 

1871 

5    Kolbe 

1872 

2    Roberts  and  Wright 

1872 

17  Saytzeflf 

1874 

:  7    Troost  and  Hautef euille 

1874- 

8    Moutier 

1874 

0     Favre 

1874 

10  Favre 

1874 

12  Smith 

1874 

38  Bottger 

1875 

.  10  Smith 

30. 
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1876: 

11  Laudy 

Iridium. 

1876: 

56  Bottger 

1883:  7    de  Boisbaudran 

1883: 

4    De  la  Rue  and  Miiller 

1884: 

29  Knott 

Rhodium. 

1885: 

17  SchifP 

1844:  6    Claus  (CaO) 

1885: 

37  Larroque 

1844:  6    Claus  (boric  acid) 

1885: 

39  Traube 

1885:  18  Demar^ay  (NaOCl) 

1886: 
1887: 

34  Knott 
21  Keiser 

Ruthenium. 

1895: 

4    Hoitsema 

1846:  8    Claus 

1895: 

5    Krakau 

1867:  12  Lea  (Na,8,0,) 

1895: 

35  Motni.   Ramsay    and 

1894:  11  Howe 

1896: 

.      Shields 
24  Tilden  (helium) 

Impurities. 

1877:  26  Galwalovski 

K  ANALYSIS.    REACTIONS. 

1879:  23  Gintl 

1890:  30  Classen 

1828: 

13  Fischer 

1862: 

10  Claus 

31.  ESTIMATION. 

1866: 
1871: 
1891: 

19  Bunsen  (flame) 

20  Jean  (Xa,S) 

34  Behrens  (microchem- 

1879:  34  Deville  and  Mascart 
1891:  31  Joly  and  Leidi6 

ical) 

Platinum. 

1894: 

22  Phillips  (H) 

1835:  9    Dobereiner 

Platinum. 

1869:  19  Scheibler 

1826: 

8    Forchhammer  (HgrNO,) 

1870:  17  Topsoe 

1824: 

1    Le  Baillif  (I  and  CuCl) 

1870:  19  Preiss  (cyanids) 

1832: 

6    Lassaigne  (I) 

1877:  10  Ribau 

1836: 

6    Buchner 

1881:  24  Wallach  (organic  com- 

1845: 

11  Cottereau  (I) 

pounds) 

1855: 

15  Vohl  (Nm8>0,) 

1885:  30  Oudemans      (also     iri- 

1858: 

9     Spiller    citric  acid) 

dium  and  ruthenium) 

1867: 

13  vou  Schwarzenbaeh 

1894:  28  Gulewitsch 

nVhitmeii) 

1895:  22  de  Koninck 

1876: 
1877: 

24  Kern  (Mg) 
22  Heintz  (C) 

Palladium. 

1877: 

23  Jorgensen  (AgNO,) 

1875:  22  Zenger 

1878: 

21  Bottger  (P) 

1892:  6    Frenkel 

1880: 

15  Ditte  (HCl) 

1878:  23  Volhard  (effect  of  pal- 

1880: 

22  Vincent  (dimethyl- 

ladium  on  estimation 

amin) 

of  silver) 

1881: 

19  Field 

1883: 

25  Orlowski   ((Nfi4)iS,0,) 

32.  By  ASSAY. 

Palladium. 

1879:  24  Perry 

1880:  29  van  Riemsdijk 

1824: 

1    lie  Baillif  (I  and  CuCl) 

1882:  26  van  Riemsdijk 

1828: 

15  Wetzlar  (CuCl) 

1892:  42  Matthey 

1838: 

11  Lassaigne  (I) 

1895:  21  Pfiwosnik  (influence 

1851: 

9     LasfiHigne  (I) 

1875: 

17  KerQ    (1    and 

K,Fe(CN).) 

Platinum. 

1876: 

24  Kern  (Mg) 

1816:  2    Chaudet 

1876: 

25  Kern   (I  and 

1837:  10  Haindl 

K,Fe(CN).) 

1878:  19  von  Jiiptner 

1880: 

24  von  Fodor  (CO) 

1881:  29  Balling 

1880: 

21  Vincent    (dimethyla- 

1885:  21  van  Riemsdijk 

min) 

1890:  42  Matthey 
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Iridium  and  osmium. 

1834:  17  Berthier 

1857:  6    Wysocky  (gold  in  pres- 
ence of  osmiridium) 
By  Electrolysis. 

1892:  40  Smith 
Platinum. 

1880:  26  Luckow 

1884:  14  Classen 

1891:  28  Smith 

1891:  29  Smith  and  Muhr 

1892:  40  Riidorff 

Palladium. 

1880:  27  Schucht 

1890:  40  Smith  and  Keller 

1890:  41  Smith  and  Frankel 

1891:  28  Smith 

1891:  29  Smith  and  Muhr 
Bhodium. 

1891:  30  Joly  and  Leidi6 

1891:  32  Smith 

Ruthenium. 

1895:  20  Smith  and  Harris 

33.  SEPARATIONS. 
Platinum  and  palladium. 

1896:  26  Cohn  and  Fleissner 
Iridium  and  platinum. 
1855:  4    Saint-Gilles 
1892:  37  Antony 

Platinum  metals. 

1878:  24  de  Clerrnont  and  From- 

mel  (from  As) 
1880:  25  von  Jiiptner  (Cd) 
1883:  27  de  BoisbaTidran  (Ga) 
1887:  25  Kriiss      and     Hoffman 

(Au) 
1887:  26  Bettel  (Au) 
1887:  27  Pirngrruber  (Au) 
1887:  28  Wyatt  (Au) 


Platinum. 

1829:  16 

1875:  6 

1841:  13 

1845:  13 

1861:  16 


Lampadius  (Ag) 
(Ag) 


Kemp  (Au) 
Eisner  (Sn,  As) 
B^champ     and     Saint- 
Pierre  (Sn,  Sb) 
1879:  28  de   Clermont    (As,  Sn, 

Sb) 
1881:  18  Campari    (As,  Sn,  Sb) 
1886:  14  Fresenius    (As,  Sn,  Sb) 


1886 

15  Di] 

1886 

16  Ba 

1888: 

33  de 

u 

1892 

38  An 

( 

1876 

:  22  Be 

1882 

',  22  di} 

1887 

•  23  Wi 

1843: 

9    Be: 

Palladium. 

1875: 

6    — 

1887 

:  24  Ro 

1866 

;  15  Wi 

1887 

:  24  Bg 

1882 

I  22  de 

Iridium. 

1829 

.  17  La 

34.  ANALYTIC 

Platinum  tet 

sis  of  alk 

1799 

.  3    Va 

1821 

.  6    Pf  J 

1832 

:  6    La 

1846 

:  13  Ft 

1865 

8    Re 

1866 

:  17  Fi] 

1868: 

11  Ch 

1874 

26  Kr 

1876 

.  23  Kr 

1877 

25  Fr 

1879 

22  Pr 

1880 

:  23  Mc 

1881 

.  20  Lii 

1881 

21  Ul( 

1881: 

22  Ta 

1881: 

23  Zu 

1882 

:  23  Ft 

1883 

:  23  SU 

1885: 

20  Bo 

1887 

13  Dii 

1888 

.  37  de 

1892 

:  45  Jet 

1893 

,  38  Vil 

1895 

23  Wi 

1895 

24  yai 

1895 

25  De 

1895 

27  Soi 

1896 

28  Hi 

1896 

29  Fa 

1896 

31  Ru 

1896 

32  Ba 

1896 

33  Pp 
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1886:  28 
18S8:  Z$ 

1800:  38 

1898:  27 
1898:  34 

,  Pialladiutti 

&79:  25 


l>ublftiic  (for  I) 
Wfthler  (combustion  of 

C) 
Hure  (platinized  asbes- 
tos) 
Branded    (for    tartaric 

acid) 
Stc  alio  use      (plAtlnized 

clmrcoiil) 
DeUfs    (cyanid   for  al- 
kaloids) 
Kopfer        (eleraentnry 

naalyils) 
Kopfer        (elementary 

analysis) 
Mitacherlich       (chlortd 

for  oxygen) 
Kopfer    .    (elementary 

analysis) 
Field   (iodid  in  water 

analysis) 
Blunt  (indieator  for  I) 
L^eda  (iodid  for  water 

analysis) 
Ballo  (platinized  majj- 

nesinm) 
Clemence        (platinum 

tube) 
Ztilkowsky  and  Lcp^z 

(platinized  quartz) 
Barfoed  (for  Hg) 
Kaasner        (for        ash 

analysis) 
TlUele    (PtZn    in 

Marshes  test) 
Tarugi  (amaljnixn) 
Hazen   (cobalt ite  for 
colometric  standard) 

Btittger  (for  gases) 

neinpel  (uae  In  aualy- 
ais  of  CO,) 

Schneider  (use  in  ana* 
lynia  of  COt) 

Winkler  (use  in  analy* 
sia  of  CO,) 

Vulpius  (for  O.) 

^Ag'gi        (chlorld        in 
water  analysis) 

Kerstlug   (iodid) 

Chatin  (iodid) 

ICamnck  (icwlid) 

Sclmi    (lodld   for  alka- 
loids) 
iempel      (metal     for 
hydrogen) 


1878:  87  Hempel  (do.) 
1881:  86  Tschirikoff  (do.) 
1886:  18  Hoppe-ScyJer  (do.) 
1886:  19  SudakoiT  (do,) 
1885:  22  Krit^clu'wsky  (do.) 
1895:  30  Phillips    (chloHd  for 

hydrogen) 
1898:  30  Campbell   and   Hart 

(do.) 
1895:  34  CajnpbcH  ( palladinized 
ChiO  in   organic  ana- 
lysis) 

Ruthenium. 

1862:  9    Claus 

186e:  IS  Dragendorff  (chlortd 
and  iridium  chlorid 
for  alkaloids) 

35.  CHEl^nCAL  PROPERTIES— Sol- 

ubillty»  etc. 

Platinum. 


1751: 

8    Scheffer 

1755: 

1    Lewis 

1761: 

1    Marggraf 

1779: 

1     Tillet 

1782: 

2    Wcnzel 

1799: 

2    Priestly 

1810: 

4    Davy 

1811: 

3    Dayy 

1827: 

14  Fischer 

1828: 

12  Dobereiner 

1836: 

14  Dobereiner 

1842: 

14  Million 

1854: 

13  How 

1854: 

14  T.aHch 

1859: 

10  Pullo 

1866: 

6    Schunbeln 

1875: 

25  Falrley 

1878: 

22  Bertbelot 

1871>: 

14  Edison 

Palladium. 
1800:  2    Cloud 
1811:  3     Davy 
1827:  14  Fischer 
1878:  22  Bcrtheiol 

Action  in  promoting  solution  of 
other  metal  a. 

1829:  16  ^nneck  (platinum) 
1838:  23  Ddbcreiner   (iridoiH 

mium) 
1«54:  12  — — (  Mm) 

1873:  23  GonrdoD  :ii> 

1870:  30  Sehdcin  (puaairc  iron) 
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36.  AFFINITY. 

1885:  9    li^ 

1883: 

21  Donath  and  Mayrhofer 

1891:  21  & 

1888: 

21  Heyes  (valence) 

1892:  31  Si 

Platinum. 

1819: 

1    Berzelius 

Palladium, 

1874: 

25  Qramp 

1892:  29  N 

1878: 

42  Berthelot 

1838:  15  B 

1881: 

10  Orlowsky  (toward  sul- 

1879: 16  V 

fur) 

1882:  17  ^ 

Palladium. 

1890:  29  V 

1804: 

20  Ritter 

1842:  15  lA 

1874: 

1878: 

25  Gramp 
42  Berthelot 

1881:  6    \^ 

1888: 

22  Schiirmann 

1892:  31  S; 

37.  ACTION  ON  COMPOUNDS— 

Iridium. 

Platinum. 

1892:  32  A 

1817: 

4    Gehlen  (As,0,,  etc.) 

Osmiridium. 

1874: 

27  Deville      and      Debray 
(formic  acid) 

1846:  22  G 

1878: 

51  Tommasi     (FeCl,     and 

Bhodium. 

AgCl) 

1881:  6    \^ 

1881: 

40  Johnston    (mixture   of 

N  and  H) 

38.  PHYSIOU 

1893: 

32  Mahon       (iron       com- 
pounds) 

1825:  10  G 

1894: 

27  Michaud      (ammonium 

Platinum. 

amalgam) 

1833:  25  P 

Action 

r  ON  Oases. 

1840:  7    H 

1892: 

30  Emich  (NO) 

1878:  27  B 

1893: 

29  Dudley     (mixture     of 

HCl  and  0) 

1878:  28  P 

Platinum. 

1882:  20  H 

1892: 

29  Neumann 

1892:  36  P 

1838: 

15  Bottger  (CI) 

1877: 

20  Troost    and    Hautefeu- 

Palladium. 

ille  (CI) 

1871:  18  R 

1879: 
1836: 

16  Volta  (ozone) 

7    Heg^nault    steam) 

"  Osmic  acid 
1849:  8     B 

1846: 

22  Grove  (steam) 

1847: 

26  Wilson  (steam) 

1851:  10  B 

1876: 

26  Devil le      and      Debray 

1874:  28  D 

(steam) 

Osmiamic  a< 

1829: 

27  Despretz  (ammonia) 

1869:  20  0 

1864: 

6     iieituer  ^bUjJ 

1890: 

29  Uhl  (SO, 

39.  CRYSTAL] 

1896: 

35  Mulder  (SO,) 

1843:  7    B 

1866: 

14  Bottger  (H^S) 

1870: 

34  Skey   (H^S) 

Platinum,  n 

1842: 

15  Marchand      (hydrocar- 

1820: 5     S< 

bons) 

1830:  3     'M 

1881: 

6    Wilm  (hydrocarbons) 

1840:  2    Ji 

1861: 

11  Baudrimont  (PCI.) 

1851:  4     E 

1864: 

2     Baudrimont  (PCI.) 

1855:  2     M 

ISSO: 

20  Goklschraidt  (PCU) 

1857:  4     K 
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1858:  10  Noquds 
1859:  5    Sor^ze 
1860:  1    Cotta 
1862:  5    Phipson 
1862:  6    Noble 

1879:  6    Deville      and      Debray 
(preparation  of  FePt) 
Palladium. 
1842:  7    Rose 
1849:  10  Rose 
1853:  4     Nickl^s 
1856:  13  Keferstein 

Iridium. 
1841:  5    Rose 
1849:  10  Rose 
1853:  4    Nickl^s 
1866:  3    Cloez 
1893:  27  Prlnz     * 

Osmium. 

1894:  10  Rose 

Osmiridium  and  iridosniium. 
1828:  6  Breithaupt 
1830:  3  Marx 
1833:  10  Breithaupt 
1833:  11  Breithaupt 
1840:  1  Breithaupt 
1882:  1    yon  Lasaulx 

Ruthenium. 
1879:  6    Deville      and      Debray 
(synthetic  lanrite) 

Halogen  Salts. 
Platinum. 

1854:  15  Schabus 

1855:  16  Weltzien 

1855:  17  Marignac 

1857:  14  Descloizeaux 

1861:  2    Sella 

1868:  8    Topsoe 

1871:  19  Topsoe  and  Christian- 
sen 

1873:  5    Mariguac 

1874:  31  Topsoe 

1874:  41  Topsoe 

1877:  27  Schimper 

1882:  21  Topsoe 

1888:  9    WeibuU 

Palladium. 

1869:  11  Topsoe 

Iridium  and  rhodium. 
1856:  13  Keferstein 
1875:  14  Lasaulx 
1890:  37  Dufet  (iridium) 
19 


Ruthenium. 

1857:  12  Senarmont 
1890:  36  Dufet 
1894:  11  aark 

NiTBiTES,  platinum. 

1879:  12  Groth  and  Nilson 
1879:  30  Topsoe 
1880:  33  Groth 

Bases,  platinum. 
1857:  11  Sella 
1895:  32  Sella 

Iridium. 

1895:  16  Palmaer 

1895:  16a  Palmaer 

1895:  19aHamberg 
Cyanids,  platinum. 

1857:  13  Grailich  and  Lang 

1857:  14  Descloizeaux 

1864:  11  Ditscheiner 

1866:  28  Lang 

1872:  6    Cleve  and  Hoeglund 

1874:  31  Topsoe 

1879:  31  Lommel 

1880:  11  Scholtz 

1856:  13  Keferstein  (palladium) 

1895:  31  Dufet      (osmium     and 
ruthenium) 
Thiocyanates. 

1856:  13  Keferstein 

1877:  19  Wyrouboff 
Oxalates,  rhodium. 

1890:  36  Dufet 

RUTHENATES. 

1890:  35  Dufet 

40.  OPTICAL       PROPERTIES       of 
crystals. 
Halogen  compounds. 
1852:  10  Haidinger    (palladium 

and  rhodium) 
1854:  11  ii3.n.r-tijiir   1  ifiaiiiiiim) 
1871:  10  'Im^ism**  and   ChrlBtian- 

sen  (platinum) 
1S95:  33  Gl^irl?^tojjc  und  Hibbert 
(platinum) 
Sulfids. 

1864:  14  Pisko  (platinum) 
Platinum  bases. 

1846:  6    Haidinger 
Cyanids  of  platinum. 

1847:  17  Haidinger    (also    oxa- 
lates) 
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1848 

:  18  Haldinger    (also    oxa- 

lates) 

1849 

:  7    Haidinger 

1850 

:  16  Brewster 

1852 

:  10  Haiditiger 

1853 

:  9    Stokes 

1853 

:  10  Stokes 

1855 

:  13  Bottger 

1855 

:  14  Stokes 

1855 

:  20  Haidinger 

1858 

:  17  Grailich 

1859- 

18  Becquercl 

1859 

:  19  Greiss 

1860 

:  16  von  Rath 

1863 

•  18  Quincke 

1870 

29  Schoras 

1874 

40  Hagenbach-BischofT 

1880 

30  Wiedemann 

1880 

:  31  Lommel 

1880 

:  32  Lommel 

1881 

30  Lommel 

1883 

19  Konig 

41.  PHYSICAL  PROPERTIES.— 

Qensb 

AT.. 

Platin 

am. 

1751 

2    SchefiPer 

1755 

1    Lewis 

1761 

1    Marggraf 

1775 

1    Morveau 

1776 

.  1    Ingenhousz 

1798 

1    Morveau 

1800 

.  7     Rochon 

1811 

3     Davy 

1836 

14  Dobereiner 

1851 

.  12  Baudrimont 

1891 

:  33  Heraus 

Pallad 

ium. 

1809 

:  2    Cloud 

1811 

:  3    Davy 

Osmiu 

m. 

1893 

:  9    Joly  and  V^zes 

Ruthe: 

Qium. 

1893 

:  8    Joly 

42.  SPECIFIC  GRAVITY. 

1845 

12  Kopp 

Platin 

um. 

1791 

1     Willir  and  Norvel 

1830 

:  11  Osanii 

1844 

14  Marchaiul 

1848 

11  Osann 

1848 

12  Rose 

1858:  11  Crj 

« 

1875:  26  De 

1883:  22  — 

Platinum  sail 
1873:  30  Scl 
1877:  42  Clfi 
1878:  30  Cl8 
1885:  19  Gr< 
1888:  23  Ge: 

Palladium. 
1833:  10  Bn 

Iridium. 
1875:  26  De 

Osmiridium. 
1833:  10  Bn 

Tenacity. 
1809:  4    Mo 
1834:  25  Ka 
1850:  13  Ba 

I 

EULBTICITT,  I 
1844:  21  Wc 

1852:  13  Eu 
1854:  17  Eu 
18«5:  18  Ed 
1876:  64  Pis 
1877:  48  Gei 
1887:  42  Boi 
1888:  47  Re: 

EXPANSIBILIT 

1869:  27  Fia 
Platinum. 
1851:  11  Pa 
1858:  11  On 

1861:  20  Cn 

1866:  27  Mb 

1889:  Al  Le 

ti 

1891:  50  Sel 

Capillabity. 

1868:  16  Qu 

1 

VlSCOSITT. 

1888:  49  Ba 


^^^^^^^^^^^^^SUBJBGT 

INDEX              ^^^^^^^^^5^^^^H 

^^fifilTITY. 

1870:  21  DcTiUe                                    ^^H 

Hsseat  10  Heltit 

1871:  23  Chapman                              ^^^| 

1872:  10  Violette                                 ^^M 

^mrSIBILlTY. 

1872:  11  Dnmaa                                  ^^H 

Bl847:  21  Hare 

^H847:  22  Hare 

1876:  34  Diirre                                     ^^M 

^KS47:  23  Heaa 

1879:  43  VioUe                                             V 

1882:  13  Siemena  and  Hunting-             ^^ 

^Bitinum. 

ton                                           ^M 

^h775:  2    Bergman 

1892:  35  Hey  cock    and     Neville           ■ 

^K777:  I     Morveau,  etc. 

(with  lead)                              ■ 

^■779:  2    Achard  (with  arsenic) 

1894:  19  Heycock     and     Neville            M 

^K7S4:  1     Crell 

(with  thallium)                     ■ 

^B784:  2    von  Sickingen 

1894:  25  Spring                                      ^^H 

^■7S9:  1    Willia 

1895:  43  Holborn  and  Wien              ^^H 

^BtoQ:  6    Ruprecht 

1896:  37  Meyer                                      ^^H 

^^^Mp  T    Ruprecht 

1896:  38  Holman,  Lawrence  and           ^M 

^■K  2    Born 

Barr                                    ^^1 

^■im:  3    

1896:  39  HarUej                                 ^^H 

^^0806 «  4    Marum 

^^^^^1 

■l903:  15  Tilloch 

Palladium.                                                ^^^1 

^■IBOi:  10  Amicus 

1818:  9     Qoud                                      ^^H 

B|i06:  ti    Corr^a 

1849:  13  Beapretz                                ^^H 

HiSOO:  $    Children 

1862:  17  Becquerel                              ^^^H 

^Ksio:  5   

1879:  43  Vl^vUe                                       ^^B 

^■§13:  7    Marcet 

1892:  35  Heyoock    and    Neville        ^^1 

^■815:  2    Children 

(with  lead)                      ^^M 

^Bsir:  S    aarke 

1895:  43  Holbom  and  Wien             ^^H 

^BS17:  9    Clarke 

Iridium.                                                 ^^^| 

^KB17:  12  Faraday 

tain*    c                                                                                ^^^^^1 

^^B:  9    Cloud 

^^^^^H 

^^Bi:  10  PrechU 

1837:  5     Bunsen                                    ^^H 

1819:  2    Gilbert 

1842:  17  Hare                                      ^^M 

1819:  3    Clarke 

1846:  15  Hare                                     ^^H 

1820:  6    Hare 

1879:  43  Violle                                     ^^M 

-^1828:  12  Nasse 

1881:  15  Holland     (with     phos-            ■ 

H9S27:  U  Eichfeld 

phorufi)                                   ^1 

^■835:  19  Mau^^ham 

1882:  14  Dudley      (witli      phofl-            ■ 

^■838:  12  Hare 

phorua)                                   ^M 

^fts39:  8    Geiseler 

1B82:  15  Warder                                           H 

^^■|:  8    Hare 

1885:  24  JolAiaon,  Matthey  and              S 

^^■:  17  Hare 

Co.                                             ■ 

^■m:  15  Beich 

Rhodium*                                              ^hM 

^K845:  19  Biesa 

1818:  9    Cloud                                   ^^H 

^Hn|t  13  Deapretz 

1846:  15  Hare                                         ^^H 

^^B:  12  DeviUe 

^^^^^ 

^TBR:  15  Derille 

Iridoamium.                                          ^^^B 

1857:  16  DeHUe 

1870:  20  [Farmer]                           ^^M 

1859:  7    Jacobl 

VOULTIXITY.                                                              ^^^^H 

1880:  4    DeTille  and  Debray 

*    %^  M^^^  -m-  ^-m^-Mt                                                                                                                               ^^^^^^^^^^^^m 

1862:  17  Becquerel 

Platinum,                                               ^^^f 

1862:  IH  Deville  and  Debray 

1802:  5    Hare                                  ^^| 

1862:  20  Aubel 

1858:  12  Elaner                                   ^^M 

1662:  21  Hrrasna 

1877:  20  Troo^tandHautefeuUle            ^U 

1863:  11  Richtcr 

(in  chlorin)                        ^m^M 

1863:  12  Aubel 

1879:  18  8eelheim  (iu  chlonn)          ^^M 

1869:  21  Skty 

1879:  19  Meyer  (in  chlorio)              ^^H 

nil 


i 
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44. 


1879 

:  .20  Smith  (in  chlorin) 

46.  THEORETIC 

1879 

21  Dunnington  (in  chlorin) 

of 

propert 

1879 

:  45  Edison 

1826: 

15  Ber: 

1886: 

29  Dessau 

1845: 

12  Eop 

1888 

:  31  Berliner 

1883: 

21  Don 

1838 
1891 

32  Kayser 
:  40  Crookes 

Platinum. 

1891 

:  41  Mooser 

1818: 

8    Mor 

1892 

:  63  Spring 

1827: 

8    Osai 

1893 

:  31  Moissan 

1846: 

17  Plaj 

1896 

:  40  Moissan 

1860: 

17  Cro! 

1867: 

11  Jorj 

Palladium. 

1873: 

13  Petl 

1858 
1888 
1891 

:  12  Eisner 
.  31  Berliner 
:  40  Crookes 

1873: 
1882: 
1884: 
1888: 

15  Boti 
34  Kali 
28  Bidi 
48  Bob 

Iridium. 

dl 

1892: 

28  Sayi 

1858 

:  12  Eisner 

1879 

:  45  Edison 

47.  CONDEN'SAl 

on 

surface 

k  MALLEABILITY    and    making 

namena    (« 

malleable;  platinum. 

tion  of  hjc 

1800 

:  4    Knight 

1834: 

19  Pan 

1800 

:  5    Mussin-Puschkin 

1858: 

15  Phi] 

1804 

.  6    Mussin-Puschkin 

1874: 

27  Devi 

1804 

.  15  Mussin-Puschkin 

1894: 

35  Call 

1804 

.  16  Mussin-Puschkin 

d< 

1805 

8    TiUoch 

1894: 

37  Berl 

1813 
1813 

:  2    Leithner 
3    Gehlen 

Platinum. 

1813 

4    Schweigger 

1817: 

10  Dav; 

1813 

5    WoUaston  (wire) 

1817: 

13  Mur 

1814 

11  Scholz 

1818: 

13  Som 

1829 

:  20  WoUaston 

1818: 

14  Em: 

1831: 

27  Abich 

1818: 

15  Gill 

1832 

:  15  Marshall 

1818: 

16  Dav; 

1832 

:  16  Marx 

1818: 

17  

1836 

:  17  Liebig 

1819: 

8    Gilb 

1836 

:  18  Liebig 

1822: 

6    Dob 

1841 

:  15  C. 

1822: 

7    

1841 

:  16  Biewend  (palladium) 

1823: 

6    Dob 

1860 

:  4    Deville  and  I^bray 

1823: 

9     Dul< 

1860 

:  18  Delarue 

1823: 

10  Dul< 

1862 

:  22  [Storer] 

1823: 

11  Gart 

1875 

:  7    

1823: 

12  Gmc 

1885 

:  24  Johnson,  Matthey  and 

1823: 

13  Gilb 

Co.  (iridium) 

D 

1823: 

14  Hen 

1823: 

15  Kar 

.  WEL 

DING  platinum. 

1823: 

16  Pfal 

1803 

:  13  Griiel 

1823: 

17  Plei 

1878 

:  35  

1823: 

19  Sch^ 

1880 

:  14  Spring  (in  cold) 

1824: 

3    AdU 

1SS4 

:  20  Seaman 

1824: 

4     Dan 

188G 

:  23  Lake 

1824: 

5    Dob 

StrBJBCT  INDEX 
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6  Dobereiner 

7  Dobereiner 

8  ItytG 

9  Gilbert 

10  Henry 

11  Kttntner 

12  Osami 

13  Schmidt 

14  Turner 

15  

11  GUI 

12  Bfsohof 

13  Dary 

14  Vog^el 

15  John 

16  Dulk 

17  

19  Stratingh 
10  Dobereiner 

13  Dobereiner 

14  Miller 

18  Erdixtann 

22  Liebig 
25  Graham 

24  Dobereiner 
7     Becquerel 
0     Dobereiner 

10  Schweigger-Seidel 

11  Schweiggrer*Seitlel 

12  Dobereiner 
i:j  Dobereiner 

16  Dobereiner 

18  Bottger 

19  Schweig-ger 
30  Hens 

23  Merry  weather 
23  Hermbstiidt 

i)     Dobereiner 
10  Doberein^* 

12  

13  PbUlips 

14  

23  Bottger 

24  Degen 

20  Dobereiner 

21  Dobereiner 

22  Dobereiner 

23  Diibereiner 

21  Liebfg 

22  Artua 

23  HAule 

24  Henry 

10  Henry 

11  Mohr 

12  Degen 

13  Degen 

17  Kahlmnnn 


1838 

isao 

;  7     Kuhlmann 

1839 

:  6    Martins 

1839 

:  9    Grove 

1839 

:  10  Grove 

1839 

;  12  Schonbein 

1843 

:  10  Bottger                      I 

1843 

11  Dobereiner 

1843 

12  Dobereiner 

1843 

:  13  Reiset  and  Millon 

1843 

14  Schonl>ein 

1844 

17  Dobereiner 

1844 

20  Dobereiner 

1845 

.  16  Dobereiner 

1845 

17  Schonbein 

1845 

18  Schrotter 

1849 

12  Field 

1850 

.  15  Wagner 

1853 

:  11  Magnna                       | 

1855 

23  Bandrimont 

1857 

20  Schonbein 

1858 

16  Schonbein 

1859 

26  Schonbein 

1659 

27  Sclionbeiu 

18M- 

19  Saint-Edme 

1861 

21  Gorup-Besancz 

1862 

25  Wiederholt 

1805! 

17  Kraut 

1865 

18  Sell 

1866 

14  Bottger 

1866 

26  Wilde 

1867 

19  Merx 

1867 

20  Artna 

1868 

10  Graham 

1870 

35  Skcy 

1871^ 

25  Eainkerfuea 

1871 

26  Baudrimont 

1873 

24  Griiel 

1873: 

27  Coquillion 

1873: 

29  Favre 

1874: 

11  Smith 

1874' 

37  Wilde 

1874: 

38  Traube 

1876' 

10  fimith 

1875 

25  Fftirley 

1875 

32  CoquiUlon 

1876: 

27  Wohlcr 

1876 

57  Meyer 

1876: 

58  Meyer 

1876 

59  Dumas 

1878: 

46  Coquillion 

1878. 

62  Hoppe-Seyler 

1878. 

63  Gladstone  and  Tribe 

1879; 

40  GladBtone  and  Tribe 

1879' 

51  Koch 

1882: 

39  Berthdoi 

1682: 

42  Traubtt 
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1883:  Z2  Chappuis 

1883:  34  Fromme 

1884:  12  Valentini 

1884:  13  Zulkowsky  ood  Lep^ 

1885:  44  Bellainy 

1886:  27  Gritnaux 

1886:  28  Ilimori 

1886:  32  Warburg  and  Ihmori 

1887:  20  Cooke 

1887:  40  Kraut 

1887:  41  Ibiziori 

1887:  54  Wright  and  Thompson 

1888:  29  Hodgkinson  and 

Lowndes 
1888:  30  Berliner 
1889:  21  Jahn 
1889:  24  Traube 
1889:  27  Ilosvay  de  N.  Dofiva 
1889:  29  Fuchs 
1890:  31  Engel 
1890:  33  Loew 
1890:  34  Loew 
1890:  69  Elster  and  Geitel 
1891:  24  Neumann  and  Streintz 
1891:  38  Warren 
1892:  10  Wllm 
1895:  35  Mond,      Kamaay     and 

Shields 

Palladium. 


10  Davy 

11  Schiibler 
9    Duloiig  and  Thenard 

18  Pleischl 

19  Wohler 

9  Miller 

10  Qraham 

4  Graham 

5  Graham 

6  Wurtz 

7  Bottger 

8  Bobens 

9  Dewar 

10  Hofmann 
30  Bottger 

25  Bottger 

26  Bottger 

27  Coqulllion 
10  Smith 

12  Troost  and  Hautefeu- 

ille 
1875:  32  Coquillion 
1876:  53  Coquillion 
1876:  54  Ck)quillion 
1877:  39  Tommasi 
1877:  40  Coquillion 
1877:  41  Coquillion 


1817 
1817 
1823 
1823 
1825 
1826 
1868 
1869 
1869 
1869 
1869 
1869 
1869 
1869 
1869 
1873 
1873 
1873 
1875 
1875 


1878 
1878 
1S78 
1879 
1879 
1879 
1879 
ISSl 
1881 
1881 
1882 
1882 
1883 
1883 
1883 
1883 
1887 
1883 
1889 
1889 
1889 
1891 
1894 
1895 


Iridium. 

1823:  9 
1823:  11 
1831:  14 
1831:  15 
1831:  16 
1883:  31 

Ehodium. 
1831:  5 
1883:  31 


46  Coquillion 

52  Hoppe-Seyler 

53  Gladstone  and  Tribe 
27  Hem  pel 

49  Gladstone  and  Tribe 

50  Hoppe-Seyler 

51  Koch 
26  Tschinkoff 
36  Baumann 

40  Traube 

41  Traube 

42  Traube 

30  Traube 

31  Hoppe-Seyler 

34  Fromme 

39  Baumaoji 

40  Kraut 
30  Berliner 

24  Traube 

25  Hoppe-Seyler 

26  Thoma 
24  Neumann  and  Strteints 
21  Phillips 

35  Mond,      Ramsay     and 

Shields  J 

Diilong  and  Thenard 

Garden 

Dobereiner 

Doberelner 

Dobereiner 

Hoppe-Seyler 


Wilm 
Hoppe-Seyler 


GA8ES 


48.  DIFFUSION         OF 
through  platinum, 
1863:  8    Matteucei 
1863:  9    Devi  lie  and  Debmy 
1866:  25  Graham 
1870:  61  Helmholtz  and  Boot 

PaUadium. 

1894:  34  Ramsay 
34  Campbell 


1895: 


49.  PHENOMENA        CONNECTEI) 
WITH  LIGHT. 

Platinum- 
1786:  2    Landriani 
1827:  17  Eastner 
1846:  20  Schonbein 
1870:  31  Sohlnz 

1871:  22 

1872:  19  Desaina 


^-     -^■-     ^ 


L    J 

^ — J 

liTfi:  ii3  ZiaU^^mADd 

60,  PHENOitENA      CONNECTED 

lfl77:  43  Ocvl 

WITR    HEAT, 

11^79:  44  YioHe 

1$79:  4S  Xicbola 

Platinum. 

WT9:  55  Schwencller 

1824:  16  Dobereiner 

ll*$l:  30  Loniinel 

1828:  25  Fischer 

1S81:  37  VioIIe 

1828:  26  Schwartz 

1$S5:  10  Knoblancii  (and  pallA- 

1830:  19  Fischer 

dinm) 

1941:  18  Fischer 

18Se:  30  iron  Anhel 

1853:  11  Wiedemann  and  Frans 

18$«:  31  von  Anbel 

(palladium) 

1SS7:  18  Duclaiix  (light  oa  pla* 

1853:  12  Wiedemann  and  Frans 

timim  chlorid) 

1858:  18  Crace-Calvert  and 

lfl$7:  43  VlciUe 

Johnson 

1S88:  ao  Trowbridfire  and  SabSne 

1872:  20  Buff 

(and  palladium) 

1878:  60  RoBsetti 

1888:  &1  Wi^ber 

1880:  HO  Deaalna  and  Curie 

Iftss:  53  Kuiidt 

1882:  43  Polonl 

Ifij***:  54   Kundt 

1885;  41  SchTeiermacher 

18^:  38  Kniden  (and palladium) 

1887:  17  Guldberg     (and     palla- 

1$91: 27  GladBtone      (molecular 

dium) 

refraction  IrCI*) 

1887:  18  Duclaux   (heat  on  pla- 

ist>2:  61  Parmentler 

tSnum  cblorid)                       ' 

1892!  62  Hertz 

1887:  44  BoUomley 

1JI04:  39  Paschen 

1887:  54  Boitomley 

imy,  33  Gladstone  and  Hlbbert 

1894:  37  Gray 

(molecular  refraction. 

* 

chlond) 

51.  THERMO-CHEMICAL    PHENO- 

1895: 41  Madutyre       (cyan  id 

MENA      (iucludfug      speciAo          J 

•ereen  for  X  ravs) 

heat).                                                  J 

1896:  41  Ja^k^on  (do.) 

1801:  22  Hc^nault                               ^H 

1890:  42  Egbert     (X     ravu     on 

1893:  41  Eicharda                            ^H 

~                     platinum) 

Platinum.                                             ^^H 

ermcmvu. 

1818:  18  Bulong  and  Petit              ^H 

ncu  23  Kin;holf 

1819:  9     Dulong  and  Petit              ^^M 

1868:  17  Thftlfin 

1830:  IH  VVe)j4*r                                  ^H 

1879:  47  Gouy 

1830:  19  Pouillet                                 ^H 

Platinum^ 

1810:  12  Kcirnault                             ^H 

1S50:  11  MaiMn 

1864:  13  Knopp                                    ^^1 

1       1862:  20  Miller 

1877:  45  Violle                                  ^^M 

1S69:  28  Gibbs 

1SS2:  31  Hoadley                             ^H 

IdT?:  14  Ciamiclau    (and    palla- 
dium) 

1895:  39  Crompton                           ^^B 

1890:  40  BartoH  and  Straeciatl           ■ 

1879:  40  Uveiuf^      and      He  war 

Platinum  alloys   with   pallndiiiai          1 

(and  palUuiiitm) 

and  Iridium,                                         M 

1882:  37  Hartley      (and      palla- 

1886:  26  Pionchoo                            ^H 

dUnn) 

OnBaiiiizu 

Platinum  compounda*                         ^^M 

IMS:  17  Frazer 

1864:  13  Kopp                                       ^^M 

1870:  32  Thomsen                             ^^M 

PLaxuscM  Light  Umt. 

1871:  21  Thomsen                              ^H 

1S94:  25  Slemena 

1876:  30  Thomsen                              ^^M 

18SI;  26  VioUe 

187S:  43  Thomson                              ^^M 

j(^^4:  27 

1880:  38  Berthelot                           ^H 

18JS15:  43  Trowbrld^ 

1890:  27  Pigeon                                  ^H 

1S86:  33  Ton   H^foer-Altc^neck 

1891:  25  Pl^on                                  ^H 

^isnn:  52  LieWnthat 

1891:  26  Pigeon                                   ^^1 
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1892:  34  Pigeon 
1894:  10  Pigeon 

Palladium. 

1840:  12  Regnault 
1878:  44  VioUe 

Palladium  compounds. 

1878:  54  B^kfitoff  (hydrid) 
1880:  38  Berthelot 
1882:  38  Joannis 

Iridium. 

1840:  12  Regnault 
1856:  18  Regnault 
1859:  20  Regnault 
1864:  13  Kopp 
1879:  43  Violle 

Rhodium  and  osmium. 

1856:  18  Regnault 
Ruthenium. 

1870:  33  Bunsen 

52.  MAGNETISM  of  platinum. 
1784:  2    von  Sickingen 
1830:  16  Gobel 
1847:  27  Lamont 
1866:  1    Kokscharow 
1880:  44  Hall 
1883:  la  Wilm 


■t 


53.  PHENOMENA         CONNECTED 

WITH    ELECTRICITY. 

1879: 

52  Gore 

Platinum. 

1804: 

18  BerthoUet 

1816: 
1823: 
1824: 

3    Dessaignes 
23  Becquerel 
17  Dulk 

1826: 

16  Marianini 

1827: 
1827: 

21  Despretz 

22  Harris 

1828: 

19  Erdmann 

1828: 

27  Pfaff 

1833: 

27  Lenz 

1838: 

19  Schonbein 

1838: 

20  Schonbein 

1838: 

21  Andrews 

1840: 

13  Jacobl 

1840: 

14  Smee 

1841: 

21  Jacobi 

1841: 
1845: 
1846: 

22  Poggendorff 
21  Poggendorff 
16  Eisner 

1846: 
1851: 

21  Becquerel 
13  Becquerel 

1858: 
1858: 
1859: 
1864: 
1869: 
1869: 
1870: 
1870: 
1870: 
1871: 
1872: 
1873: 
1875: 

1881 
1881 
1882 
1882 
1883 
1883 
1883 
1883 
1884 
1884 
1885 
1885 
1885 
1886 
1886 
1886 
1886 
1887 
1887 
1887 
1888 
1888 
1888: 
1888 
1888 
1890 
1890 
1892 
1892 
1893 
1893 
1893 
1894 
1895 


19  Amdtsen 

20  Matthiessen 

29  Jacobi 
15  Raoult 

31  Obermayer 

32  Gaugain 
36  Skey 

38  Skey 

39  Edlund 

27  Skey 

22  Gaugain 

28  Volta 

33  Champion,    Pellet   and 

Grenier 

38  Nichols 

39  Streintz 

44  Braun 

45  Grossens 

34  Fromme 

35  Hankel 

36  Krouchkoli 

37  Becquerel 

30  WeiUer 

31  Macfarlane 
42  Konowalow 

45  Tomlinson 

46  Cailletet  and  Bouty 

35  Peddie 

36  Drechsel 

37  Gautier 

38  Case 
56  Preece 

59  Koosen 

60  Oberbeck 

55  Barus  (alloys) 

58  Exner  and  Turner 

59  Gore 

60  Wiedemann  and  Ebert 

61  Nnhrvi'old 

61  Argyropoulos 

62  Le  Chat^lier 

65  Herroun 

66  Bjerknes 

42  Paschen 

43  Rizzio 

45  Dewar  and  Fleming 

40  Neumann 

36  Engel     (copper- plati- 
num couple) 


Palladium. 

1845:  21  Poggendorff 
1846:  21  Eecqtierel 
1858:  20  MattbleBsen 
1869:  33  Villari 
1869:  34  Poggendorff 
1870:  39  Edlund 
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1883:  34  Fromme 
1884:  29  Knott  (hydrid) 
1886:  34  Knott  (hydrid) 
1893:  45  Dewar  and  Fleming 
1894:  40  Neumann 

THER^IO-ELECTRICITY. 
1887:  53  Le  ChateHer 
^latinum. 
1829:  26 
1855:  24 
1876:  62 

1877:  46 

1878:  56 
1880:  40 
1880:  41 
1880:  42 
1880:  43 
1887:  45 
1888:  62 
1892:  64 

1894:  38 


Becquerel 

Adie 

Knott,  MacOregor,  and 
Smith  (palladium) 

Thomsen  (and  palla- 
dium) 

Gore  (and  palladium) 

Bouty 

Gore 

Young 

Blondlot 

Haga 

Jahn 

Barus  (with  iridium 
and  rhodium) 

Noll 


i.  POLARISATION  PHENOMENA. 
Platinum. 


1838 
1838 
1839 
1844 
1845 
1857 
1859 
1872 
1874 
1877 
1878 
1878 
1879 
1879 
1880 
1882 
1883 
1883 
1887 
1887 
1888 
1888 
1889 
1890 
1890 
1891 
1891 


24  Bird 

25  Matteucci 
11  J.  B. 

19  Poggendorif 

20  Fischer 

21  Bertini 

28  Schonbein 

23  Helmholtz 

43  Macaluso 

30  Parodi  and  Mascazzlni 

55  Morley 
57  Beetz 

53  Bottger 

54  Gladstone  and  Tribe 

45  Helmholtz 

46  Streintz 

38  Pirani 

40  Gu^bhard 

57  Streintz 

58  Fromme 

56  Draper 

57  Fromme 

39  Richarz 
60  Arons 
63  Richarz 

51  MarkoTsky 

52  Burch  and  Veley 


1892:  67  Koch  and  Wiillner 
1893:  44  Henderson 
1893:  46  Daniel 
1893:  47  Koch 

Palladium. 
1878:  57  Beetz 
1878:  58  Exner 
1878:  59  Herwig 
1879:  53  Bottger 
1879:  54  Gladstone  and  Tribe 
1887:  57  Streintz 
1887:  58  Fromme 

56.  ELECTROLYTIC  PHENOMENA 
— Dissociation. 
1888:  24  Hampe 
1894:  24  Mylius  and  Fromm 

Platinum. 

1878:  31  Hittorf  (chlorid) 

1878:  32  Morges  (chlorid) 

1879:  15  Drechsel 

1883:  33  Bartoli  and  Papasogli 

1884:  10  Raoult  (chlorid) 

18S4:  15  Drechsel  (and  palla- 
dium) 

1884:  16  Bartoli  and  Papasogli 

1886:  12  Foussereau  (chlorid 
and  of  rhodium) 

1886:  13  Lehmann  (cyanid) 

1887:  52  Miesler 

1888:  25  Walden  (chlorid  and 
cyanid) 

1888:  26  Riidorfl  (chlorid  and 
cyanid) 

1889:  19  Ostwald  (chlorid) 

Osmium  tetroxid. 
1876:  60  Bleekrode 
1878:  31  Hittorf 


57.  ALLOYS. 
General. 
1826:  11  - 
1858:  13 
1800:  22 
1875:  26 
1879:  34 
1887:  16 
1694:  23 
1896:  25 


with  zinc. 

1880:  28 
1882:  6 


Newton 

Nickl^s 

Devi  lie  and  Debray 

Deville  and  Masoart 

Debray 

Mylius  and  Fromm 

Roberts- Austen  (diffu- 
sion of  platinum  and 
rhodium) 

Debray  (and  with  lead) 
Deville      and      Debray 
(explosive) 


;i 
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with  tin. 

1887:  14  Debray 
1887:  15  Debray 

with  iron. 

1822:  4    Stodart  and  Faraday 

1878:  41  Boussingault 
Alloys,  Platinum. 

1755:  1    Lewis 

1817:  8    Clarke 

1817:  9    Clarke 

1817:  14  Cooper 

1821:  9    Murray 

1827:  18  Cooper 

1832:  19  

1838:  16  Melly 

1847:  25  Mention  and  Wagner 

1853:  6    BoUey 

1874:  30  Winkler 

1881:  31  Bush 

1887:  22  Osmond      and      Werth 
(explosive) 

1887:  29  Reinhardt 

1888:  55  Barus 

1890:  62  Le  Chatelier 
with  potassium. 

1822:  3    Murray 
with  copper. 

1797:  2    Mussin-Puschkin 

1798:  3     Mussin-Puschkin 

1848:  10  Lyons  and  Millward 

1873:  18  H61onis  (bronze) 

1885:  26  (brass) 

1886:  21  Paillard 

1887:  16aMaumen€ 
with  silver 

1796:  1    Lampadius 

1798:  3     Mussin-Puschkin 

1812:  1    Johnson 

1814:  7     D'Arcet 

1829:  16  Lampadius 

1845:  15  Weiger 

1878:  19  von  Jiiptner 

1882:  28  Spring 

1884:  32  Strouhal  and  Barus 


with  gold. 

1796: 

1 

Lampadius 

1802: 
1803: 

3 
12 

Mor\'eau 

1812: 

1 

Johnson 

1819: 

2 

Gilbert 

1S24: 

2 

del  Kio 

1828: 

16 

1845: 

15  Weiger 

1878: 

19 

von  Jiiptner 

1885:  27  Boessler 
1889:  17  SUow 

with  zinc 
1819:  6    Fox 

1838:  14  Bottger  (and  with  cm 
mium) 

with    mercury    (plattnum    ama 
gam) 

1797:  2     Mussin*Puschkin 

1797:  3    Richter 

1798:  1    Morveau 

1799:  5    Mussin-Fuachkin 

1799:  6    Miiij&in-Fuschkin 

1799:  7     Mu&sin*PuschklQ 

1803:  13  MusBin-FujBchkin 

1803:  14  Strauss 

1805:  1    Chenivix 

1813:  8    Vogel 

1814:  6    Schweigger 

1821:  8    Daniell 

1830:  15  DanieU 

1834:  24  Bottger 

1835:  20  Mather 

1836:  4    Dobereiner 

1850:  12  Joule 

1857:  23  Cailletet 

1862:  19  Joule 

1876:  19  Casamajor 

1878:  45  Sabine 

1879:  40  Janecek 

1884:  11  KrouchkoU 

1887:  31  Ostermann  and  Prip 

1888:  27  Crafts 
with  aluminum. 

1822:  3    Murray 
with  thallium. 

1894:  19  Heycock  and  Neville 
with  germanium. 

1887:  19  Meyer 
with  tin. 

1819:  5    Clarke 

1819:  6    Fox 

1820:  3    Thomson 
with    zirconium,    glucinum,    et 
(earths). 

1822:  3    Murray 
with  lead. 

1819:  4    Clarke 

1867:  14  Deville 

1870:  24  Bauer 

1871:  24  Bauer 

1875:  29  Bauer 

1892:  35  Heycock  and  NeviUe 
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(and    cop- 


ladium. 
15  BerzeliuB 
timony. 
\    Fox 
\    Murray 

Q. 

L    Morveau 

r    Stodart  and  Faraday 

L3  Sobdnbein 

15  

3    DeviUe 
n  Danbrfie 

10  Billings 
L6a  Maumenfi 

per) 
kel. 

3    Lampadins 
J7 ("platinid," 

witb  nickel,  iron  and 

arsenic) 
lladium. 
26  Pionchon 
lium. 
22  Gaudin 

9  Jacobi 

11  Pelouze 

14  Deyille  and  Debray 
3    Morin 

6    Deville,     Debray     and 
Morin 

32  Fizeau 
55  Mattbey 
66  Deville 

34  Brocb,  Deville  and  Stas 
31  Stas 

33  Schaniwebcr 
45  TomUnson 
11  Le  Chat«Iier 
26  Pioncbon 

41  Klemendid 

16  VioUe 

41  Le  Cbatelier 
33  Heraeus 
48  Heraeus 

dium  and  rutbenium. 
30  Bosscba 
*ivu  Alloys. 
pper. 

10  Lyons  and  Millward 
21  PaiUard 

30  Houston 


witb  gold. 

1827:  13  

1845:  15  Weiger 

witb  mercury. 

1805:  1    Cbenivix 

1876:  19  Casamajor 
witb  lead. 

1871:  24  Bauer 

1892:  35  Heycock  and  Neville 
witb  iron. 

1822:  20  Bryant 
Ibidium  Alloys. 

1829:  17  Lampadius 

1877:  21  Debray 

1879:  4    Mattbey 
witb  mercury. 

1837:  11  Bottger 
OsMmiDiuif. 

1879:  35  Van  Allen 

1882:  5    Debray 

1885:  33  Scbamweber 

Bhodiuh  Alloys. 
1886:  21  Paillard  (witb  copper) 
1827:  19  (witb  gold) 

58.  USE.— General. 
Platinum. 

1798:  5    Bocbon 

1800:  7    Bocbon 

1828:  17  Erdmann 

1836:  14  Dobereiner 

1836:  15  Trommsdorfl 

1836:  16  Pelouze 

1872:  13  

1881:  32  

Palladium. 

1840:  11  

1846:  3    Scbmidt  and  Jobnaton 
Iridium. 

1881:  4    

1883:  29  Dudley 

1885:  25  


ver. 

15  Weiger 


59.  PLATINUM  CRUCIBLES. 
1786:  1    Morveau 
1802:  6    Cbenivix 
1832:  17  BerzeUus 
1839:  5    Dobereiner 
1855:  21  Vogel  and  Beiscbauer 
1863:  16  Hager 

1865:  10  Stablscbmidt,    Sy    and 
Wagner 
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1866: 

21  Wittstein 

1868: 

12  Vogel 

1873: 

16  Stolba 

1873: 

17  Mohr 

1874: 

33  Smith  (gold  lined) 

1892: 

5    Heraeus  (gold  lined) 

1878: 

33  Gooch 

1888: 

39  Morse  and  Burton 

1889: 

22  von  Jiiptner 

1891: 

36  Warren 

1894: 

30  Petrzilka 

endii 

ig  crucibles. 

1878: 

33  Garside 

1884: 

20  Seaman 

1885: 

28  Pratt 

1885: 

29  0.  T.  H. 

1889: 

40  Pratt 

Loss  of  weight  of  crucibles. 
1880:  34  Beilstein 
1888:  38  Vieth 

Cleaning  crucibles. 
1846:  18  Tonnelier 
1860:  19  Erdmann 
1800:  20  F.  0. 
1866:  4    Sonstadt 
1870:  23  gtolba 
1876:  39  Stolba 

Removing  melt  from  crucibles. 
1876:  38  Stockmann 
1888:  34  de  Koninck 


60.  PLATINUM  VESSELS. 

1785: 

1 

Morveau 

1787: 

1 

Morveau 

1787: 

2 

Morveau 

1790: 

4 

Lavoisier 

1790: 

5 

R. 

1792: 

3 

Berthollet  and  Pelletier 

1813; 

6 

Neumann 

1814: 

9 

Dobereiner 

1814: 

10  Joris 

1821: 

10  Seebeck 

1828: 

23 

D'Arcet 

1830: 

13 

Faraday 

1831: 

26  Stleren 

1832: 

18  Bischof 

1844: 

16 

Pleischl 

1870: 

26 

1877: 

35 

Prentice 

1878: 

35 

Filters 

1857: 

18 

Mosander 

1876: 

37 

Jago 

1881: 

33 

Casamajor 

1882: 

29  ( 

1882: 

30  < 

1884: 

21  ( 

1886: 

20  < 

1888: 

40  ] 

Combustioi 

1876: 

35  < 

1876: 

36  ] 

1883: 

28  < 

1888: 

36  : 

Concentrat 

1866: 

22 

1872: 

12 

1875: 

28 

1876: 

40 : 

1876: 

41 : 

1876: 

42 : 

1876: 

44  : 

1876: 

45 

1876: 

46 : 

1876: 

47  J 

1877: 

33 : 

1877: 

34 : 

1878: 

36  : 

1878: 

39  : 

1878: 

40  1 

1880: 

35  1 

1880: 

36  : 

1892: 

49  : 

1892: 

51 : 

1892: 

54  : 

1893: 

40  i 

1894: 

32  : 

1892: 

52  ^ 

Pyrometer! 

1803: 

11 : 

1825: 

20  . 

1825: 

21  ■ 

1831: 

28 : 

1862: 

17  ] 

1878: 

47  < 

1882: 

31  ] 

1882: 

32  : 

1882: 

33 : 

1884: 

23  • 

1888: 

43 : 

1890: 

45  i 

1890: 

46  i 

1891: 

35  i 

1892: 

53  i 

1892: 

55  < 

1895: 

37  ] 

1895: 

38  . 

1895: 

43  ] 

^^^^^^^^^^^^^^8UBJ^^ 

IKBBX                                                     ^^^^                ^^L 

Bfa£^^ 

**  Osmic  acid  **  in  microscopy ,                        ^H 

^g|3»  g    — ^ — 

1878:  2T>  Broesike                                             ^H 

laeo:  %    Jacobi 

1878:  26  Pelletan                                               ^H 

1872:  16  Joiiglet 

1879:  32  Parker                                              ^^| 

1877;  5     Karnmrsch 

1879:  33  Altmann                                          ^H 

1880:  21  Certes                                              ^H 

Wire. 

1S23:  22  Becquerel 

6L  ACTION     OF     rnFAnCALS     on               ^| 

1625:  22 (string's     for 

platinum                                                      ^^H 
1846:  19  Farhiii>>            •  irialinum              ^^M 

musical  instruments) 

1840:  10  Fischer      (strings      for 

metals)                                        ^^H 
1811:  4     Davy                                                ^H 
1892:  48  Heraeus                                           ^H 
1880:  16  Meyer      (sodium      nnd               ^H 

potassium)                                  ^^H 

musical  instruments) 
1877:  28  GaifTe 

18S5;  36  Bead  (for  telescopes) 
1886:  24  Banks     and     Brierley 

(for  singeing) 

1825:9    Bischoff  caustic  potash)              ^H 

Miscellaneous, 

1679:  13  de      Konint-k      (potash              ^H 

1859:  21  Jenzscb  (triangles) 

an«l  soda)                                    ^^M 

1885:  32  dp  la  Itarpe  (triangles) 

1797:  4     Tennant        (potassium              ^H 

1968:  13  Forbes  (forceps) 

nitrate)                                       ^^M 

1874:  34  Carmichae!  (dipestor) 

1798:  2    Morveau        (potassium             ^H 

1809:  3     Scott  (watch  springs) 

nitrate)                                       ^^M 

1837:  20  Br^^ant  (siphon) 

1800:  2  Tennant  (potassium  ni-             ^H 

101* A.   o                          1  rtnnrlnirfl   If! licit 

^H 

1876:  51  Luca         (lightning-rod 

1798:  1     Morvpsui         (potassium             ^H 

points) 

chlorid)                                      ^^M 

^B    1884:  24  Lewis  (burner) 

1857:  17  Bottger          (potassium             ^H 

^V   1885:  33  Scharnweber      (carbon 

chlorate)                                   ^^M 

V                            holder) 

1831:  24  Buchner      (amuinnium           ^M 

1           1885:  34  (lamp) 

nitrate)                                    ^M 

1          1891:  39  Walter     (anti-platiniiifi 

1817:  7    Vogel  (lithia)                              ^M 

I                                incandescent  lamp) 

1818:  11  VanqueUn  (Tithia)                      ^H 

1           1818:  12  Gay-Lusaac  (to  prevent 

1828:  14  Kralovanszky  (lithia)                ^H 

^^^                         bumping) 

1884:  19  Dittmnr  (Hthia)                          ^H 

^H    1866:  20  — — (plated  appa- 

1878:  40  Scheiirer-Kestner    (sul-            ^H 

^H                         ratus) 

furlc  acid)                                   ^^M 

m         18M:  33  Baker  &  Co,  (catalog  of 

1880:  35  Scheurpr-Kestner    (sul-            ^H 

1                              apparatus) 

furic  acid)                                   ^^M 

1           1885:  37  Larroqwe       (palladium 

1874:  35  Reichnrdt   (silicon)                    ^H 

1                               hydrogen    in    photo- 

1889:  18  Warren   (silicon)                        ^H 

I                                phone) 

1881:  28  K^mont  (flame)                          ^H 

m          1890:  44  Poland  (Iridium  in  in- 

1845:  14  Kastner         (prot4:ction           ^H 

^H                         candescent  lamp) 

from  silica  and  iron)           ^H 

^V     1884:  22  Anders  (osmium  in  tel- 

1847: 9     Claus    (caustic   jjotash            ^H 

ephone) 

and   salpeter  on   iri-           ^H 

1841:  20  Johnson      (iridoBmium 

dium)                                       ^^M 

for  compass  points) 

1892:  48  Henu^us         (platinum-           ^H 

PlatlDum  chlorid. 

iridium)                                 ^H 

1834:  16  Kastner       (for      color 

^^1 

printing) 

G2.  PLATING  ^^TH   FLATINL'^L             ^M 

1862:  24  Himt  (for  bronzing) 

1S03:  14  Strauss                                     ^H 

1869:  36  Rlemann  (for  indelible 

XHoy,  la  Stodart                                      ^H 

ink) 

1811:  fi    Horvenu                                     ^H 

Magnesium  platino-cyanid. 

1819:  7     Bowse                                            ^H 

1887:  39  Himly.       Leiser       antl 

182B:  20  Zuber                                          ^H 

^m                            Bardthold    (as    «ym- 

1H28:  21  Labonte  and  DepuU              ^H 

^^^                          pathetic  ink) 

1830:  14  Lampadius                                ^H 
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1840- 

9    Bottger 

1840' 

14  Smee 

1841' 

17  Bottger 

1841 

19  EUdngton 

1843 

15  Bottger 

1843 

16 

1850 

:  14  Bromeis 

1853 

;  8    Jewreinoil 

1854 

:  16  Savard 

1855 

:  18  Boseleur  and  Lanauz 

1855 

:  19  B5ttger 

1856 

:  16  Landois 

1856 

:  17  Smee 

1859 

:  25  Wild 

1863: 

15 

1864 

:  12 

1865 

:  11  Magnus 

1866 

:  20 

1866 

:  23  Thomson 

1866 

:  24  Bottger 

1867 

:  16  Church 

1867 

:  17  Church 

1868 

:  14  Dod6 

1869 

:  23 

1869 

:  24 

1872 

:  14  Thompson 

1874 

:  36  Blain 

1875 

:  30  Weiskopf 

1876 

:  48  Bottger 

1877 

:  31 

1879: 

36  Clerk  and  Fawsitt 

1879 

:  37  Dod6 

1879: 

38  Daumesnil 

1879 

39  StoflPel 

1879 

61  Winkler 

1887: 

32  

Palladium.           , 

1876:  49  Bertrand 

1876: 

50  Frantz 

Electro-plating  with  platinum. 

1862:  16  Becquerel      and      Bec- 
querel 

1886:  22  Thoms 

1887:  35  Bright  Plating  Co. 

1888:  42  Thompson 

1890:  43  Wahl 
Iridium. 

1887:  33  Dudley 

1893:  39  Dudley 

Deposition  on  Glass:  platinum. 
1828:  18  Erdmann 
1828:  22  Schweigger 
1829:  24  Dobereiner 
1853:  7     Bottger 
1859:  22  Dullo 


1859:  23 
1859:  24 

1865:  12 
1865:  13 
1865:  14 
1865:  15 
1865:  16 
1867:  18 
1869:  22 
1869:  25 
1870:  27 
1873:  19 
1873:  20 
18?7:  32 
1887:  34 
1888:  44 
1889:  23 

63.  PIQMEN' 

ing. 
Platinum. 
1802:  7 
1821:  11 
1821:  12 
1822:  5 
1828:  24  ; 
1831:  29 
1847:  24 
1849:  11 
1857:  22  : 
1870:  28 
1875:  31 
1876:  52 
1877:  36 
1885:  35 

1887:  36 
1887:  37 
1887:  38  I 

Iridium. 
1821:  12  < 
1833:  26  : 
1868:  15  : 
1885:  35  : 

64.  USE  IN  ] 
1872:  21  : 

Platinum. 

1856:  14  i 

1874:  42  ^ 

1879:  41  ] 

1879:  42  - 

1880:  17  ] 

•   1880:  37  ] 
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\5  

)8  Needham 
55  Vogrel 
16 

17  Pizadghelli 

18  Pringle 

19  Willis 
$0  Bory 

$1 

15  Vidal  and  Vogel 

16  Reynolds 


30  von  Briihl 

31  Schnauss 
32 

33  Eder 

34  


35  Crawford 

36  Mercier 

12  Pizadghelli 

47  Liesegang 

48  Perkins 

49  Clark 

50  Gastein 

51  

52  Lenhard 

53  Masse 

54  Blanchard 

55  Harrison 
56 

42  Brunei 

43  Stieglitz 

44  Hezekiel 

45  Eder 

46  HuBzar 

47  Burton 

56  Eder  and  Valenta 

58  Pizzighelli 

59  Willis 

60  Nichol 


Palladium. 
1890:  47  Liesegang 
1890:  48  Perkins 
1891:  48  Fourtier 
1891:  49  Pilet 
1892:  57  Fourtier 
1896:  36  Kelly  and  Hamley 

Iridium. 

1874:  42  Willis 
1889:  36  Mercier 
1890:  47  Liesegang 
1890:  57  Berthiot 
1890:  58  

Osmium. 
1889:  36  Mercier 
1890:  47  Liesegang 

iMTTATiow  OP  Platinum. 

1830:  17  

1836:  20  

65.  EXHIBITS  AT  EXPOSITIONS. 

1862:  23  

1863:  1    Marsh 


1863: 

4 

Tunner 

1867: 

2 

Wagner 

1873: 

4 

Raymond 

1874: 

4 

Beilstein 

1878: 

2 

1894: 

31 

Lunge 

1895: 

3 

Andreoli 

66.  BIBLIOGRAPHY. 

1883: 

1 

Claus    (platinum 
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1872: 
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platinocyanid) 

1885: 

23 

Perry  (iridium) 
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INTRODUCTION. 


Most  of  the  literature  of  the  metallic  carbides  is  of  recent  date,  yet  the 

eginnings  of  the  studies  upon  compounds  of  carbon  with  metals  take 

[  lis  back  to  the  very  dawn  of  the  present  century,  for  during  its  first  years 

[chembts  described  such  compounds.     The  relation  of  carbon  to  iron  in 

Iteel  was  said  to  be  that  of  a  true  chemical  compound  as  early  as  iSoo, 

nd  in  1808  Davy  prepared  the  carbide  of  potassium.     At  intervals  from 

that  time  to  the  present  new  carbides  have  been  described. 

In  looking  over  the  old  references  one  cannot  but  notice  that^  with  few 
exceptions,  the  carbides  described  therein  are  of  those  metals  concerning 
which  there  is  to-day  the  greatest  doubt  as  to  their  forming  such  com- 
pounds at  all.  For  example,  about  sixty  years  ago  a  general  method  was 
;iven  for  forming  the  carbides  of  iron,  copper,  lead,  zinc,  bismuth,  silver, 
in,  and  manganese  by  heating  in  a  retort  their  sulphocyanides,  air  being 
excluded  during  the  operation.  It  was  said  that  sulphide  of  carbon  and 
nitrogen  were  evolved  ;  the  reactions  working  parallel  to  this  :  — 

Fe(SCN)rfheat=FeC+CSH-N,. 
The  preceding  list  contains  at  least  four  elements  which  are  not,  at  this 
time,  supposed  to  form  carbides.  Frequent  mention  of  other  carbides  is 
made  In  old  works  on  chemistry.  In  the  light  of  recent  Investigation 
these  seem  of  doubtful  worth,  as  the  compounds  mentioned  find  no  place 
in  modern  works,  or  else  their  existence  has  been  denied.  Some  of  these 
old  references  are  given  later  without  comment  as  to  their  value,  the 
reader  being  free  to  accept  or  reject  any  of  them. 

In  consideration  of  the  interest  manifested  by  chemists  recently  in  this 
class  of  bodies,  it  seems  that  a  brief  review  of  the  work  done  to  date  may 
be  of  considerable  interest  to  the  general  reader  ;  while  this,  in  conjunc- 
tion with  the  bibliographical  references,  it  is  hoped  may  be  of  some  value 
to  the  chemical  student  or  investigator.  With  these  two  ends  io  view  the 
following  pages  were  compiled. 

The  general  plan  has  been  to  give  a  very  condensed  account  of  the 

tiods  of  prepsu^ation,  physical  and  chemical  properties  of  the  carbides 

uw  known,  considering  them  in  alphabetical   order.     Following  eadl 

^descriptive  portion  are  the  references  to  the  literature  bearing  thereon. 

The  titles  of  origind  papers  are  in  most  cases  given  in  full,  that  the  scope 

of  the  article  may  be  judged  therefrooL     Minor  articles  and  abstracts  are 
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also  largely  given ;  in  this  way  the  value  of  th 
to  those  who  have  not  ready  access  to  eztensii 
the  same  matter  is  referred  to  as  given  in  vari< 
another  of  which  most  chemists  have  access. 

Within  the  last  five  years  the  renewed  atten 
turned  toward  this  class  of  compounds,  and  nc 
duced  in  rapid  succession.  Experiments  upoi 
oxides  by  means  of  carbon  in  an  electric  fuma 
duction  of  many  of  the  newly  discovered  carbic 
ture  of  these  compounds,  the  work  of  one  ms 
More  than  to  all  other  chemists  together  is  pra 
for  the  untiring  energy  with  which  he  has  inve 
compounds.  So  often  has  he  astonished  chen 
electro-chemical  experiments,  that  new  discove 
considered  as  a  matter  of  course.  M.  Mois 
diamonds  is  one  of  the  greatest  achievemen 
nature's  methods. 

In  conducting  his  experiments  Moissan  mak< 
of  very  simple  construction.  It  consists  of  a  li 
surface  of  which  is  chiseled  a  rectangular  ca' 
coating  of  magnesia  and  of  carbon.  Through 
are  inserted  stout  carbon  electrodes,  and  throv 
is  an  opening  through  which  a  carbon  tube  is 
materials  to  be  heated  are  placed  and  thus  in 
estimated  that  a  temperature  of  4000^  is  obtain 
using  the  furnace  it  is  covered  with  another 
lower  side  of  which  are  layers  of  magnesia  an 
cover  the  cavity  of  the  lower  block.  So  poorly 
heat  that  the  hand  may  be  kept  on  the  outside 
minutes  after  the  current  is  started. 

The  literature  of  the  metallic  carbides  is  as  ; 
Following  the  main  portion  of  this  paper  vl 
together  with  the  elements  to  the  literature  of 
contributed.  By  referring  back  to  the  page  up 
discussed  the  full  references  will  be,  found.  £ 
ences  having  a  general  bearing  upon  the  carbi< 

Moissan.    "Snr  un  nouveau  modMe  de  four  Electric 

mobiles."    C.  R.  117,  p.  679. 
Moissan.    "  Cristalh'sation  du  carbon  sous  I'action  d'ui 

Soc.  Chim.  (1895)  [3]  13,  p.  808. 
Maisson.    "  Sur  la  formation  des  carbures  dliydrog^n 

de  Teau  sur  les  carbures  m^talliques.   Clasrification 

(1896)  [3],  16,  p.  1284,  or  C.  R.  (1896)  p.  1462,  ( 

P-  134- 
Moissan  (concerning  those  carbides  which  are  decom| 
chim.  [7]  9,  p.  302 ;  or  Chem.  CentrbL  (1896)  pt  a, 
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BotcitKis.  **  Die  elektmcheQ  Ofen  ror  Metallgcwinnung;,  u,  s.  w."  Ztschr.  Elcktro 
chenL  (1S96)  p.  1S9  and  p.  213. 

AmtiUfS.  *'Die  Nfetailcirbidc  und  ihre  Verwendung.*'  Sammlung  che^li5cher1mdd)e' 
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With  this  explanatory  introduction  the  following  pages  will,  it  is  hoped, 
be  clear  to  all  whose  interest  in  the  metallic  carbides  leads  tJiem  to  con- 
stilt  this,  —  a  bibliographical  dictionary  of  those  compounds. 
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Note,  —  During  the  period  since  the  manuscript  of  the  present  work 
was  submitted  there  has  appeared  a  great  deal  of  original  material  upon 
the  carbides.  Especially  must  be  noted  a  number  of  books,  and  the 
addition  of  these,  together  with  the  more  important  journal  references, 
will  add  very  materially  to  the  usefulness  of  this  bibliography. 
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CXXV.  p.  1181. 
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REVIEW  AND   BIBLIOGRAPHY  OF  THE 
t  METALLIC   CARBIDES. 

^^  ALUMINUM  AND   CARBON. 

■  Moissan  has  prepared  a  carbide  of  aluminum  (i)  from  kaolin  and 
carbon,  and  (2)  from  metallic  aluminum  and  carbon.  The  method 
employed  was  to  put  the  Al  in  a  carbon  boat  and  heat  for  five  to  six 
minutes  in  the  electric  furnace.  Hydrogen  was  passed  through  the  car- 
bon tube  of  the  furnace  both  during  heating  and  while  cooling.  A  current 
of  300  amperes  and  65  volts  was  used.  From  this  process  results  a  mix- 
ture of  Al  and  AliQ,  The  A]4Cs  consists  of  yellow^  transparent  crystals ; 
sp,  gr,  2.36  ;  decomposed  at  red  heat  by  CI  or  Br,  leaving  a  residue  of 
amorphous  carbon.  Water  decomposes  it  in  the  cold,  thus  :  — 
CaAl4+i2H,O=:3CHrf2Ay0HV 

LITERATURE. 

Iot9%hH,    Pr^iumdon  d'un  carburc  d'alaminsum  cmtallls^*    C.  R.  (1S94)  v.  t  i9t  p.  l6* 

Of  Hull  Soc  Chim-  [3]  u,  p,  loio.  or  Abs.  J.  Chem.  Soc.  (1894)  66,  pt.  2,  p.  450, 

Chem,  Centflil.  (1S94)  65,  pt  2.  p.  268.    See  a/so 
MoissA?«<.    Reduction  de  ralunitne  par  le  charbon.     C.  R.   (1S94)    ti9»   p*  935,  or 

Abs.  J.  Chctn.  Soc.  0895)  68,  pt.  2,  p,  226, 
DKini.L&    Ann.  de  Chim.  (3]  45*  P-  »5- 
MALUrr.     Uebcr  Stickstoffaluminium  und  die  Einwirkong  x'on  Alumlniim  auf  Kohlen- 

atoffkalium  bei  h'oher  Temperatur.     Ann.  Chem.  186.  p>  155^ 

ALUMINUM,   BORON,   AND   CARBON. 

very  refractory  substance,  to  which  the  formula  AltCfBi,;  has  been 

given,  IS  interesting  because  of  its  great  hardness,  between  corundum 

and  diamond. 

LITERATURE. 

Hamph     Ueber  das  Bor.     Ann.  Chem,  (1876)  183,  p.  75,     Sa  aho 
WOHLE*  A.ND  St.  C.  Drville.    Ann.  Cbcm.  loi,  pa-  1 13  and  347. 

BARIUM   AND  CARBON. 

The  carbide  of  barium  may  be  made  in  the  electric  furnace  in  the  same 
way  as  calcium  carbide  (q.  v.).  It  also  results  by  heating  together  BaCO^ 
Mg  and  C  according  to  this  reaction :  — 

BaCOrf3Mg-fC=BaC^3MgO. 
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In  the  electric  furnace  either  BaCOs  or  BaO 
forms  dark  colored  crystals,  sp.  gr.  =  3.75 

thus :  — 

BaCrf2H,0=C,HrfBai 

At  high  temperatures  the  carbides  of  the  alk 

with  the  halogens. 

LITERATURE, 

Maquenne.    Sur  un  cau-bure  defini  du  baryum.    C.  R 
Maquenne.    Sur  une  nouvelle  preparation  de  Tac^tyl^ 
BuLLiER.    Deutsches  Reichtpatent,  77,168. 
MoissAN.    Etude  des  ac6tylures  cristallis^s  de  baryum 

118,  p.  683,  or  Chem.  Centrbl.  (1894)  65,  pt  i,  p. 

p.  1007. 

BORON   AND  CARI 

Two  carbides  of  boron  have  been  describe 
According  to  Moissan  two  compounds  are  fori 
one  of  which  is  permanent  and  resists  the  acti( 
the  other  compound  is  broken  down  by  this 
the  more  stable  compound  the  formula  ]^C. 
and  certain  boron  compounds  are  heated  with 
nace.  Black,  shining  crystals,  sp.  gr.  2.51,  han 
with  it  new  facets  may  be  cut  upon  diamonds, 
decomposes  it  with  deflagration,  chloride  of  b< 
Very  slowly  oxidized  at  1000°,  it  is  not  acted 
by  S,  P,  N,  Br,  or  I. 

Miihlhauser  heated  together  in  an  electric  fi 
carbon.  The  product  he  treated  twice  with  ho 
HsS04.  There  remained  a  graphite-like  mass, 
the  composition  BC  or  B,Cs.  The  compound  i 
ture  and  is  decomposed  by  fusion  with  alkali. 

LITERATURE  (B«C) 

Moissan.    Action  de  Tare  ^lectrique  sur  le  diamant, 

cristallis^.    Bull.  Soc.  Chim.  [3]  11,  p.  993,  or  C.  \ 

Soc  (1894)  66,  pt.  2,  p.  42. 
Moissan.    Preparation  et  propri^t^s  du  borure  de  carl 

or  Abs.  J.  Chem.  Soc.  (1894)  66^  pt  2,  p.  279,  or 

p.  998.     See  also 
Hampe.    Ueber  das  Bor.    Ann.  Chem.  (1876)  183,  p.  7 
WoHLER  and  St.  C.  Deville.    Ann.  de  chim.  (1858)  [ 
(BsCa)  MiJHLHAUSER.    Ztschr.  anorgan.  Chem.  5>  P'  92 

pt  2,  p.  747,  or  Abs.  J.  Chem.  Soc  (1893)  64,  pt  2, 
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In  1862  Wohler  gave  a  method  of  produdDg 
pound  of  calcium  and  carbon.    This  compouiic 
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^calcium  alloy  by  heating  with  carbon.  Wohler  gave  some  of  the  proper- 
ties of  the  carbide  which  resulted*  In  1S95  Travers  recorded  another 
method  of  preparing  calcium  carbide,  and  in  the  following  year  Moissan 
produced  it  in  his  electric  furnace,  both  from  CaCO.^  and  from  CaO  heated 
j^with  sugar  carbon.  About  the  same  time  the  Willson  Aluminum  Com- 
pany, in  this  country,  while  experimenting  upon  the  reduction  of  the  alkali 
*  earths  by  means  of  carbon,  found  that  carbide  of  calcium  was  formed, 
^although  when  first  produced  the  compound  was  not  recognized  by  them, 
but  was  considered  as  a  waste  product.  As  soon  as  its  properties  were 
learned,  Willson  took  out  patents  for  its  production  in  this  country.  Bullfer 
holds  a  German  patent  for  the  production  of  Ca-,  Ba%  and  Srcarbides, 
although  the  method  patented  is  said  to  be  of  Moissan's  discovery.  The 
carbides  of  calcium  and  silicon  seem  thus  far  to  be  the  only  carbides  of 
commercial  value  in  themselves*  The  value  of  calcium  carbide  lies  in 
its  ready  decomposition  with  water,  yielding  nearly  pure  acetylene  gaa^ 
which  under  proper  conditions  is  unexcelled  as  an  illuminating  gas. 
When  made  upon  a  commercial  scale,  calcium  carbide  is  produced  from 
lime  and  coke.  The  cost  of  production  is  still  rather  high,  and  the  chances 
of  acetylene  gas  being  generally  introduced  for  lighting  purposes  in  the 
immediate  future  are  not  vtiy  bright.  In  time  the  necessary  improve- 
ments may  be  made  which  will  do  away  with  present  difficulties.    The 

st  of  the  electric  power  is  the  chief  obstacle  now, 

CaC,  forms  in  opaque,  brownish-red  cr)'Stals,  sp,  gr.  2.22*  It  is  quite 
insoluble  in  most  of  the  ordinary  solvents  in  the  cold.  Dry  hydrogen 
is  without  action  in  the  cold  and  seems  to  be  without  effect  even  when  hot 
upon  the  pure  calcium  carbide.  The  commercial  article  may  contain 
tarry  products  which  a  stream  of  dry  hydrogen  will  drive  out.  Air  acts 
in  about  the  same  way  as  hydrogen.  At  a  very  high  temperature  a 
sample,  submitted  to  tlie  action  of  a  stream  of  oxygen,  glows  and  is  partly 
oxidized. 

HCl  (gas)  decomposes  it  when  hot  CI  and  Br  at  even  moderate 
temperatures  cause  the  sample  to  glow  brightly,  to  swell  up,  and  then  fuse 
together.  Very  slight  action  in  the  cold  when  treated  with  HsSO^,  but 
by  beating  the  action  is  increased  and  a  gas  is  evolved  which  bums  with 
a  luminous  flame. 

With  a  mixture  of  H^SOi  and  KjCr^O?  calcium  carbide  reacts  violently, 
vigorous  oxidation  taking  place.  Little  or  no  C,H,  is  evolved  in  the 
above  reaction. 

With  strong  HNO,  there  is  an  evolution  of  brown  fumes  and  a  gas 

^hich  burns  with  a  smoky  flame*     Glacial  acetic  acid  slowly  decomposes 

By  fusion  with  NaOH  this  carbide  is  decomposed  and  a  gas  is  evolved 

"which  is  probably  acetylene.     At  iBo'^C  calcium  carbide  is  decomposed 

by  alcoho!,  thus  :  — 

>C^H,OH-fCaC^C^HrHC»H.O),Ca. 
The  simple  reaction  with  water  is  :  — 

CaQ+a  H,0=Ca(OH)rhC,H,. 
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Calcium  carbide  procesSi  U^  S.  pat  541^37*  June  E 


Moist  air  slowly  effects  this  decomposition.     Since  it  is  < 
product  of  this  carbide  which  makes  it  valuable  we  inclj 
references  to  acetylene,  its  properties,  production,  etcj 
for  the  production  of  CaC,  are ;  — 

CaO+3C=CaCt4-CO,  or 
CaCO«+4C=CaQrh3CO. 

LITERATURE. 

WoHLER.    Bildung  des  Acetylenes  durcb  Kohleostoffcalcium. 

p.  220,  or  Jab.  Chem,  (1862)  p.  441. 
Travers,     Proc.  J.  Chcm.  Soc  (1893)  1 18»  p.  15, 
MoissAN.     Preparation  au  four  electrtque  d'un  carbure  de  caJdum  j 

tes  de  ce  nouveau  corps,     C.  R.  (1894)  1 18,  p,  501  ;  BuU.  3{ 

ioo2»  or  Chem.  Centrbl  (1894)  65*  pt  i,  p.  719,  or  Chcm. 

p.  947. 
BuLLiER.     D.  R  P.  77»i68 

WvATr.    Calcium  carbide,  and  acetylene.     Am.  Gas-Light  J.  (189 
Wyatt,    J.  Frankl.  Inat.  <iS95)  139.  pp*  72  and  321.  j 

Weddin«i.    j.  f.  Gaabeleucht  (1894),  p.  253  aiid  p.  273;  (1895K  p,' 
JoNXs.    Am-  Gaa-Light  J.  (1895)  63,  p.  252. 
Morehouse  and  dk  Chalmont.    J.  Am.  Chcm.  Soc  18,  p.  311. 

WiLLSON. 
11,5" 

WiLLsoN.    Product  existing  in  form  of  crystalline  calcium  carbide 

June  18,  1895* 
WHLSON.     Method  of  converting  calcium  carbide  for  enriching  lltj 

pat.  542.320  (1S95),  ^^  ^^    Gas-Light  J.   (1895)  ^i*  P- 211  ^ 

545,466,  Apr  1S95;  552,027,  Dec.  1895;  552,028,  Dec.  1895. 
DiCKERsoN.    Process  and  apparatus  for  producing  acet>*kne 

U.  S.  pat.  541,526  (1895)^  or  Am.  Gas- Light  J.  (1S95) 
Clarke.     For  producing  calcium  carbide,  U.  S.  paL  551,461, 
Venarle  and  Clarice.     Some  properties  of  calcium  carbide 

p.  306,  or  Am.  Gas-  Light  J.  (1895)  62,  p.  52S,  or  Bull.  Soc. 

p.  870,  or  Abs*  J,  Chcm.  Soc.  (1895)  68,  pt.  2,  p.  265. 
FoRGRAND.    ChaJeur  de  formation  dc  l*ac^tylure  de  calcium* 

BuU.  Soc.  Cbim.  (1895)  [3]  13,  p.  745. 
KRtJGER.     I^boratori  urns  vers  uchc  iiber  CaCs.    Ztschr.  Eli 

p.  Ill,  or  Chcm.  Centrbl.  {1895)  66,  pt  i,  p.  1105. 
Frank  and  Weyl.    J.  Soc.  Chem.  Ind.  (1895)  p«  227. 
Caro.    j.  Soc.  Chem.  Ind.  (1S95)  18,  p.  454. 
KRiJGER  and  Puckert.    J.  Soc.  Chem.  Ind.  (1895)  '^»  P-  2 
WiLLGERODT.     Ucbcr  dic  Entfemung  dcs   Phosphorwasserstoff* 

dargcateliten  C2H3,  u.  s.  w.     Her.  d.  Chem.  Ges.  (1895)  28,  p.  { 
LUPKE.    Ztschr.  Elcktrochem.  (1895)  pp.  148  and  153. 
LUFKE.    Zeitschrift  fur  Beleuchtungswesen,  I,  pp.  99  and  179. 
Brjedel,     The  Gasworld  (London)  (1895),  p.  286. 
Breoel.     Ztschr.  angew.  Chem,  (1896)  p.  16, 
Frohlich,    Ztschr.  El ek troche m,  11,  p.  165, 
Lewes.     Acetylene  and  the  part  it  plays  in  the  luminosity 

J.  (1895)  63,  p.  42. 
Lewes.    Commercial  synthesis  of  illuminating  hydrocarbons.    An 

62,  p.  146.     Discussion  of  preceding  paper,  Am.  Gas-  Light  J, 
Ztschr.  angcw.  Chem.  (i^S)  PP-  MOi  162,  2^\^  282,  338,  354, 
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CORDA.    Acetylene  and  calcium  carbide    Ztechr.  Elcktrochcm.  (1S96)  p.  175. 
^i^ALtssxEJt.    Ztachr.  Elektrochent  (1896)  p.  225* 

L'edairage  ^Icctriquc  (1896^  VIII,  p.  500,  and  IX,  p.  44^, 
yRBHAUT^     Melanges  explosib  d'ac^tyl^oe  et  d*a!r.    C.  R.  (1S96)  p>  S32. 
*LARKR,    Manufacture  of  caiduro-c^rbide,  U.  S.  pat  5521S90V  and  for  generating  acety* 
lene,  U-  S.  pat  Jan.  14,  1896,  S5^73^»  ^^^^*  24,  1896. 
fKfNG  and  Wyatt.    Apparatus  for  generating  acetylene,  \J*  5.  pat  562,401,  June  23, 

1896. 
{King  and  Wyatt.    Frooeis  of  forming  calcium  carbide,  U.  S.  pat  562,402,  June  23, 

1896. 
|RiKO  and  Wyatt.    Electric  furnaoeSi  U.  S.  pats.  562,400 ;  562,403 :  S^2»4^»  J""^  ^J* 
1896. 
^ILLSON.     (Gas  patents,  etc.)   55J»443t  Jan.  at*  1896,  and  553,550^  Jan,  28,  1896; 
555,198,  Feb.  25,  1896, 

CERIUM  AND   CARBON- 

.  carbide  of  the  composition  CeC^  results  by  heating  cerium  formate  or 

jralate  in  an  apparatus  from  which  the  air  is  excluded*     When  the  resi- 

Sue  from  this  operation  is  extracted  with  HCl  a  compound  remains  of  the 

3ve  composition,  which  is  not  soluble  even  in  hot,  concentrated  acids. 

Many  chemists  doubt  the  existence  of  this  compound. 

The  carbide  which  Moissan  has  produced  in  the  electric  furnace  has 
the  formula  Ce,C.  It  is  prepared  from  CeO,  and  sugar  carbon.  It 
foftns  transparent  crystals,  sp.  gr,  5,25,  When  acted  upon  by  water  it  is 
decomposed,  evolving  CjHjf,  CH4,  QHo  and  the  residue  extracted  with 
ether  contains  a  small  amoimt  of  fluid  and  solid  hydrocarbons.  The 
[reaction  must  obviously  be  very  complex. 

LITERATURE, 

GMlLDr.    Carbide  of  cerium  (7).     Handbook  of  Chemistry,  Vol  III»  p.  264  (Watt's 

translation  p  1849). 
Bkkeklius.     Lchrbuch  der  Chemie  (1836),  III,  p.  495, 
Dklafontainf.    Jsb.  Chem,  (r865}  p.  176. 
PuTWissoN.    Supplement  to  the  report  of  the  Royal  Academy  of  Sweden  (1895),  II, 

2  scries,  numt>er  !. 

IMoissAi*.    Preparation  et  propri^t^s  du  carburc  dc  cenum.    C.  R- 122,  p.  357,  or  Ghent 
L       Centrbl.  (1896)  67,  pt  1,  p.  686,  or  Abs,  J.  Chem.  Soc.  (1896)  70,  pt  2,  p.  422. 
I  CHROMIUM   AND   CARBON. 

I  When  chromium  is  heated  in  an  electric  furnace  for  ten  to  Mteen  min* 
istes  with  a  large  excess  of  carbon,  with  a  current  of  70  voUs  and  350 
amperes,  there  is  produced  CrgCj ;  brilliant  laminae,  greasy  lustre,  sp.  gr. 
5«63»  not  acted  upon  by  concentrated  or  dilute  HNOi  or  aqua  regia. 
Fused  KNOa  attacks  It  vigorously,  not  so  KOH.  It  is  not  decomposed 
by  H,0»  hot  or  cold.  It  is  harder  than  the  topaz.  Somewhat  soluble 
dilute  HCL 
Cr«C  obtains  as  long,  shining  needle-like  crystals  which  are  found  upon 


i6 


REVIEW  AND  BIBUOGRAPHY 


the  surface  of  ingots  of  metallic  Cr  or  in  cavities  ezistin] 
It  is  harder  than  quartz ;  sp.  gr.  6.75  ;  melts  at  a  hi( 
than  Pt.  One  of  the  above  carbides  is  also  said  to  i 
CSj  vapors  over  hot  Cr.  Certain  compounds  of  Fe,  Cr,  a 
such  as  FeyCrjCs  and  CrjFeCj. 

LITERATURE. 

Dkville  and  Debray.  (Foot-note)  Ann.  de  chim.  [3]  56,  p.  408. 
MoissAN.    Nouvdles  recherches  sur  le  chrome.    C.  R.  (1894)  ii< 

Cbem.  Soc.  (1894)  66,  pt.  2,  p.  452. 
MoissAN.    Bull.  Soc.  Chim.  [3]  11,  p.  13,  and  p.  1014. 
MoissAN.    Ann.  de  chim.  (1896)  [7]  8,  p.  559. 
Behrens  and  Van  Linge.    (On  the  chromium  ferro-carbides) 

Pays-Baa,  13,  p.  155,  or  Abs.  J.  Soc.  Chim.  (1894)  66,  pt.  2,  p. 

COBALT  AND   CARBON. 

Over  thirty  years  ago  Thompson  described  a  comp 
about  4%  C,  which  was  very  hard  and  brittle,  of  bisnr 
8.43.  It  was  made  by  heating  Co^Os  and  argol  in  a  cl 
cible  for  several  hours. 

LITERATURE. 

Thompson.    Ueber  die  Fabrication  von  Kobalt  und  Nickel.     CI 

p.  956,  or  Lc  Technologiste  (1863)  p.  337. 
MoissAN.    (Foot-note)  Bull.  Soc.  Chim.  [3]  11,  p.  13. 

.  COLUMBIUM  AND  CARBON. 

A  double  compound  of  columbium  carbide  and  nitric 
sition,  3CbC2CbN,  has  been  mentioned  by  Joly. 

LITERATURE. 

Joly.    Sur  le  combinaisons  da  niobiom  et  du  tantale  avec  Tazote 
Soc.  Chim.  (1876)  [2]  25,  p.  506,  or  C.  R.  82,  p.  506,  or  Jsb.  C 

COPPER  AND   CARBON. 

An  explosive  compound  to  which  various  formulas 
results  by  passing  acetylene  through  ammoniacal  coppei 
little  carbon  is  taken  up  by  direct  heating  of  copper  and 
copper  is  said  to  be  taken  up  in  combination  during  the 
refining  copper.  Some  very  good  work  has  been  done 
acetylids  in  this  country  and  England,  but  with  not  alt 
results.  The  formulas  usually  given  for  copper  acetyli 
C3Cua-j-H20.     See  especially  Reiser^  Am.  Chem.  J.  14. 


LITERATURE. 

Quet.     (On  certain  explosive  compounds  of  Cu  and  C.) 
Chem.  108,  p.  116,  also 
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^    Ann.  Chem.  rog^p.  351. 
LPUtKY.    J»b.  Chero,  (1859)  p.  222,    Set  als^,  Ber,  d.  chem.  Ges,  21,  ref.  609. 
Vivian.    Ann.  Phil  21,  p.  121. 
Crova>    C.  R.  55,  p.  435,  and  Ztsrhr.  Chem.   Phann.  (1862)  p.  598^  and  J.  prakt 

Chem.  SS,  p,  124,  also  Jsb.  Chem,  (1862)  p.  442, 
See  Aim.  Chem.  118,  p.  3J0,  Chem.  News,  VII,  p.  2,  and  Chem.  Centrbl  (186 j) 

pcSo, 
Nrcxt.ts,    C.  R.  55,  p.  505* 
BitowN.    J.  prakt.  Chem.  (rSjg)  17,  p.  492. 
Ke](»EiL    Am.  Chem.  J.  14,  p.  185.  and  Abs.  J.  Chem.  Soc>  ^2^  p,  1416. 

GLUCINUM  AND  CARBON. 

P.  Lebeau  describes  the  preparation  of  a  compound  to  which  he  gives 
the  formula  Gl4Cfl.  Henry  advances  the  formula  GI2C  for  Lebeau^s  com- 
pound.     It  is  prepared  by  heating  for  ten  minutes  a  mixture  of  glucinum 

tide  and  carbon  (Zuckerlcohle) ;  the  current  used  was  950  amp,,  40  volts. 

/ith  a  weaker  current  a  nitrogen<ontaining  compound  results.  G^C, 
forms  fine  crystals,  sp.  gr-=  1.9,  brownish-yellow  color,  and  resembling 

i^Ca  in  many  of  its  properties.     It  b  very  hard,  and  by  decomposition 

fith  HjO  methane  is  produced. 


LITERATURE, 

Lebcau.    Stir  tia  carbore  de  glucinum.    C.  R.  (1S95)  i^i»  9*  496.  or  Chem.  Centrbt. 
(1895)  66,  pt.  2,  p.  959,  or  Abe,  J.  Chem.  Soc  (1896)  70,  pt  2,  p.  169,  or  Bull*  Soe. 
Chim,  (1H95)  [3]  13,  p.  1065, 
ImNKV.    A  propos  du  carbure  de  glucinum.    C.  R.  (1895)  121,  p.  6oO|  ilio  Bull.  Soe. 

Chim.  (1S96)  [3]  15,  p,  165. 


IRIDIUM    AND   CARBON, 

IrC|  results  by  heating  thin  strips  of  iridium  tn  the  alcohol  flame.    The 
product  forms  a  velvet-black  coating,     it  is  infiammable,  and  bums,  leav- 
ing a  residue  of  Ir.     The  o.xide  of  Ir  heated  in  the  presence  of  some 
^hvdrocarbons  yields  IrC^,  with  a  display  of  incandescence.     (Berzelius.) 

^PBerzeuus.  Ehaige  nachtriigUcbe  Beobachtungcn  ubei-  du  tr  und  das  Oe.  (Fcfg^)  Ann. 
~         der  Fhys.  15.  p,  208. 

Gmsun.    (Watr^s  tranal.)  Handbook  of  Chemistry  (1849),  VI,  p.  375. 

Bxazauus.     Lehrbuch  der  Chcmie  (1836),  III,  p.  223.    Sie  «//*» 

MoiBSAN.  Sur  U  solubilite  du  carbone  dans  le  rhodium,  riridium.  et  le  palladium^  C.  R. 
123,  p.  16,  or  Bull,  Soc-  Chim.  (1896)  [3]  16,  p.  1292. 

MotsSAN.    Research  on  the  metallic  carbides.    Chem.  News  (1896),  74,  p.  15. 


LITERATURE, 


I 


IRON   AND   CARBON. 

The  s;ubject  of  carbon  in  iron  and  steel  has  been  extensively  discussed, 
but  not  always  from  a  chemical  standpoint  The  mechanical  effect  of 
carbon  in  iron  and  steel  is  studied  often  without  taking  into  consideration 
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the  condition  in  which  that  carbon  exists ;  but  the  carbides  of  iron, 
such,  —  as  definite  chemical  compounds,  have  not  been  so  widely  writt 
upon-  The  point  of  view  from  which  the  subject  is  often  studied  seems 
so  different  from  the  view  in  which  the  other  carbides  are  here  considered^ 
that  we  do  not  feel  justified  in  going  into  the  literature  exhaustively  from 
all  standpoints,  yet  the  references  given  below  cover  a  broad  consideration 
of  the  subject. 

A  great  many  compounds  of  Fe  and  C  have  been  mentioned  by  difiTer- 
ent  chemists,  but  the  existence  of  some  of  them  is  doubtfuL     Some  of 
these  are  Fej+C,  FcsC,   Fe^C,  FegC,  FegC^,  and  Fe^C,  beside  some  ooj 
pounds  of  three  or  more  elements,  such  as  Fer(CrMo)fiC4,  Fer(CrW)B< 
and  CrgFcrCs,  and  CrsFeC,, 

FCiC  is  a  dark-gray,  fusible  crystalline  substance,  formed  directly  from 
Fe  and  C  at  a  high  temperature.  The  formula  Fejj,C  has  been  given  to 
high  carbon  steel. 

Fe^C  occurs  in  all  kinds  of  malleable  iron,  and  remains  behind  after 
treating  the  iron  with  a  io%  HsSO^  solution,  the  operation  being  con- 
ducted with  the  air  excluded.  That  the  subject  of  carbon  in  iron  has 
been  long  studied  will  be  seen  from  the  following  references.  Many  of 
these  are  of  little  value  to  those  studying  the  chemistry  of  steel,  etc,  and 
having  the  advantages  of  access  to  the  modem  reports  upon  the  subject- 
We  arbitrarily  divide  the  literature  into  the  old  and  the  recent. 


oi 
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LITERATURE    (OLD). 

GUYTON.    Versuche  mittelst  des  Diajnanten  das  geschmeidige  Eisen  in 

vcrwandeln.     (Gilb.)  Ann.  der  Phys.  ( iSoo)  j,  p.  65. 
Faraday  and  Stodart.    Versuche  iiber  die  Legirungen  des  StahU,    (Gilb.)  Ann.  dcr 

Phys.  (1820)  66p  p.  183. 
Berthier-     Ann.  Mines  (1853),  III,  p,  229. 

BsitZELius*     Lehrbuch  der  Chemie  (1836),  III,  p,  450,  and  (1S44),  II,  p.  752, 
Brown.    J.  prakt.  Chem.  (1839)  17,  p.  492. 

Karsten.     [FeiCj  LJcber  die  Carburets  des  Eiscns.    J.  prakt,  Chein<  (1S47)  40»  p.  1^ 
Ramm  ELS  BERG.     [FeCg]  Ucber  das  Verhalten  der  Cjanmctalle  in  der  Hitze.     Che 

Centrbl  (1847)  p.  59. 
Marguerite.    Carburation  du  fer  par  contact  ou  cementation.    C  R.  5^  p*  tjf^ 
GMELtN.     (Watt's  trans.,  1849)  Handbook  of  Chemistry,  V,  p.  202. 

Valerius.     (FeCa  and  Fc^Ci]  Fabrication  de  la  fonte  et  du  fer  ( 1S51),  1,  pw  41.         

GURLT.    [FeaC]  Polyt  Centrbl  (1356)  p,  366,  or  Chcm,  Ceiitrb).  (1856J  pv  *7>^ 

Jsb.  Cbcm.  (1856)  p.  781,  Chcm.  Gaz.  (1856)  p,  230.  

TUNNER.     Polyt.  CcntrbL  (1861)  p.  1227. 

Armold.    [Fes4C]  Bull.  Soc.  d'Enc  Ind,  Nat  (S>  I,  p.  97* 


LITERATURE   (RECENT). 

T&oosT  and  Hautsfeuille.    Etude  calori6que  sur  les  carburet  de  fer  et  de 

nise.     Ann.  de  Chim.  (5)  9,  p.  56,  or  C,  R.  (1875)  ^1  P^  9^4' 
Drown.    Condition  of  carbon  in  white  and  gray  iron.    Traas.  Am.  lait.  Ill*  Eog^  lUi 

p.  41. 
Peajice.    Iron  and  carboDf  mechanically  and  chemically  considered    Truit.  Am.  Inst. 

M.  Epg.  IV,  p,  157. 
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AsEi-     Proc.  I  tut.  Mech.  Eng.  (tSSj)  p,  56,  al«o  (18S5)  p.  30^  ailsd  Reports  of  Iron 
and  Steel  rnst(tS8i,  1S83). 

us  and  Strouhal.    The  electriod  andmagiretic  properties  of  iron  carburets.    Bull. 
U»  V.  S.  Geol-  Sur.  (1885)  and  School  Mines  Q,  VII,  p.  24^ 

us  aind  STROtJHAL.    PhyBioLl  propertied  of  iron  carburets^     Butl  55,  U.  S.  Geol. 
Sor,  (1&S6). 
MOND  and  Wkrth.    Ann.  Mines  (18S5),  and  Eisen  und  Stahl  (tS86K  p.  376. 
»KL.     Kiscn  ond  Stahl  (1886)  p.  373. 
MttHLER,    Grundzuge  cincr  Tbeode  dcs  StAhK    Eisen  and  Stahl  (1890),  VIII,  p> 
291. 
IDDING.     Eisen  und  Stahl  (1891),  IX. 
LmDEnuR.     Ueber  das   Benennung  dea   vcrschiedenen   KohlensCoffformen   in   Eisen. 

Eisen  und  StahJ  (188S),  VHI  (Nov.). 
DvDLKY  and  Pease.    Carbon  combined  in  cast-iron.    Trans,  Am*  Inst.  M*  Eng.  XI V^ 

P*  797* 
Lrdxaux.    J.  Iron  and  Steel  Inst  (1893)  no.  2.  p.  53. 

Osmond.    Microscopic  meULlIography.     Trans.  Am.  Inst.  M.  Eng.  (1895)  12,  p,  252. 
Chajlpy.    Sur  le  r61e  des  transfonnations  du  fer  ct  du  carbone  dans  1e  phcnom^ne  de 

la  trempe,    C.  R.  iiS,  p.  1358,  or  Abs.  J.  Chem,  Soc  (1S94)  66,  pt,  2,  p.  420,    Su 

ali4>  p.  451. 
MotssAN.    Deplacement  du  carbone  par  le  bore  et  le  stticium  dans  la  fonte  en  foaioiu 

C.  R,  (1894)  119.  P-  "172. 
M0ISSAN.    Eludes  des  graphites  du  fer.     C.  R.  (1894)  119,  p.  1245,  or  Abs.  J.  Chem. 

Soc.  OS95)  68,  pt  2,  p.  220,  or  Bull.  Soc.  Chrm.  0^95)  [3]  t^*  P-  S"- 
AEifOLJ>  and  Read.     The  chemica^l  relations  of  carbon  and  iron.    J.  Chem.  Soc.  65, 

P.7-S8.  or  Buil.  .Soc  Chim.  (1895)  [3J  14.  P^  5* 
DrrNRR.    Arten  des  gebundcnen  KohlenstofU.     Oesterr.  J^  Bc^rg-  u.  Hiittenwesen,  44, 

p.  HI,  or  Chem,  CentrbL  ((896)  67.  pt  t,  p.  1094. 
AMP&lLL.    A  pur©  carbide  of  iron.    Am.  Chem.  J.  (1806)  18,  p.  836. 


St4  aha  thifollimdng :  — 

MKNDKtKKr.     Principles  of  Chemiscry,  I,  p.  365. 

Nernst.    {Palmer^  Trans.)  Theoretical  Chemistry,  p.  146. 

Dammkr.     Anorgani^iche  C hemic,  III,  p.  354* 

pROST.    BulL  dc  r Academic  Royale  des  Sciences  dc  Belgiijoe,  XVI,  p.  216. 

MoRVttAU  and  Clouet.     (Scherer's)  Allg.  J.  Chem.  4,  p.  170. 

HAOMtLD.     Iron  alloys  with  spedml  reference  ta  manganese  steel.    Trans.  Am.  Inst  If. 

Eng.  (1H93)  23,  p.  156. 
De  Bennkviixk.    Two  definite  carbides  of  iron  with  Cr  (Mo  and  W),  [FcT(CrMo)iC< 
and  Fe7(CrW)«C4].    J.  Am.  Chem.  Soc  17,  p.  791,  or  Chem.  Ccntrbl.  (1895)  66^ 
pt.  2,  p.  io65,  or  Abs.  J,  Chem.  Soc.  (1896)  70,  pt.  2,  p.  175. 
I      De  Bennevillb.    A  study  of  some  alloys  with  iron  carbides*  mainly  tot^ten  and 
^K      manganese.    Jour,  of  the  Iron  and  Steel  Inst  (1896)  no.  1. 

H  LANTHANUM  AND  CARBON. 

r  CiLa  has  been  made  from  lanthanum  oxide  and  sugar-carbon.  These 
heated  for  ten  minutes  in  the  electric  furnace  under  the  action  of  a  cur- 
rent of  350  amp.  and  50  volts  combine  to  form  yellow  crystals,  sp.  gr, 
5.02.  This  carbide  is  decomposed  by  water,  yielding  CgH,,  CH^  C,H|, 
and  leaving  a  residue  of  fixed  hydrocarbons.  The  carbide  appears  golden 
yellow  on  a  fresh  fracture*  It  is  attacked  by  the  atmospheric  moisture 
Pettersson  gives  Ht  and  CtHj  as  the  decomposition  products^ 
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(1896)  [3]  i6,p.  1293. 

LEAD  AND  CARBON. 

Certain  old  chemistries  mention  the  existence  of  a  compound  of  lead 
and  carbon.  No  carbide  of  lead  has  been  made  as  yet  in  the  electric 
furnace,  and  the  same  is  true  of  tin,  bismuth,  and  gold. 
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Gmelin.    Handbook  of  Chemistry  (Watt*s  translation),  V,  p.  122. 
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LITHIUM  AND  CARBON. 

This  carbide  has  been  but  recently  made.  Its  formula  is  LisQ.  LiCOi 
-I-4C,  heated  for  ten  minutes,  using  a  current  of  350  amp.  and  50  volts, 
will  yield  it,  or  with  950  amp.  it  may  be  made  in  four  minutes.  A  higher 
temperature  than  this  current  produces  in  the  furnace  either  volatilizes  or 
decomposes  this  carbide.  LijCs  forms  shining  cr3rstals,  sp.  gr.  =  1.65  at 
i8°C.  Decomposed  by  moist  air  and  water,  CsHs  being  formed.  It  is 
easily  broken  up  and  is  not  so  hard  as  glass.  Bums  in  the  cold  in  CI  or 
Fl,  and  by  gentle  heating  in  Br  or  I.  Concentrated  adds  have  little 
effect  upon  it.     In  hot  water  the  decomposition  is  quite  violent 

LITERATURE. 

MoissAN.    Sur  le  carbure  de  lithium.    C.  R.  122,  p.  362,  or  Chem.  Centrbl.  (1896)  67. 
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MoissAN.    Errata  se  rapportant  ii  cette  communication.    C.  R.  (1896)  p.  496. 

MAGNESIUM  AND  CARBON. 

In  Dammer's  Anorg.  Chem.  it  is  stated  that  magnesium  heated  io 
benzol  vapors  yields  a  dark  mass  of  this  composition,  MgC«.  No  sodi 
compound  has  been  made  in  the  electric  furnace.  The  reference  given 
does  not  mention  a  definite  compound  of  Mg  and  C. 
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MANGANESE  AND  CARBON. 

Troost  and  Hautefeuille  are  the  discoverers  of  the  carbide  whose  for- 
Bula  is  MOflC*     This  carbide  was  also  produced  by  Moissan  ;  he  stated 
bat  with  a  current  of  900  amp.  and  50  volts  the  reduction  is  practically 
stantaneous,  while  with  the  same  voltage  and  350  amp.  only  five  to  six 
Dinutes'  heating  is  necessary.     Mn^C  has  a  sp.  gr,  of  6*89.     Fl  attacks 
it  cold  and  CI  by  gentle  heating.     It  burns  in  oxygen  at  a  low  tempera- 
ture.    When  decomposed  by  water  there  result  equal  parts  of  CH*  and 
H,-     The  equation  is  :  — 

Mn,C+6H,0=3Mn{OH)rfCH,+H,, 
No  fluid  or  liquid  hydrocarbons  are  produced.     In  some  early  references 
mention  is  made  of  MnC  and  Mn^C. 
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MERCURY   AND   CARBON, 
mercury  acetylld  is  formed  in  severd  ways.     It  results  as  a  heavy 


white  powder  by  passing  C-^Hj  through  freshly  precipitated  mercuric 
oxide  suspended  in  water.  Several  days  are  required  to  prepare  it«  Sp. 
gr.  =  5,3,  Insoluble  in  H,0,  alcohol,  and  ether.  Slowly  decomposed 
by  gradual  heating  above  1 10^  into  Hg  and  C.  The  compound  explodes 
by  rapid  heating  or  by  a  blow.  Its  formula  seems  to  be  3HgCr+-H,0. 
^Reiser  gives  HgQ. 
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MOLYBDENUM   AND   CARBON. 

MoaC  is  best  prepared  by  heating  together  5  pts.  MoOj  and  i  pt-  Cl 
eight  to  ten  minutes  in  a  carbon  crucible.     800  amp.  and  50  volts  is 
sufficient  current     The   carbide  shows  a  brilliant,  crystalline  fracture, 
exhibits  easy  cleavage  ;  sp.  gr*  8.9.     If  this  carbide  is  heated  with  an  i 
excess  of  molybdenum  dioxide,  molybdenum  is  produced,  and  inversely,j 
fused  molybdenum  readily  takes  up  considerable  carbon. 
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NICKEL  AND   CARBON. 

Nickel  and  carbon  act  in  many  ways  like  iron  and  carbon.  By  beating* 
4Ni(CNX.-(-3HaO  under  proper  conditions  carbon-containing  nickel  re- 
sults. (See  Dammer.)  When  carbon  monoxide  is  passed  over  finely 
divided  nickel  at  a  temperature  between  300^  and  35o°C,  there  results 
a  black  powder  consisting  of  Ni  and  C,  varying  with  the  temperature  at 
which  the  operation  was  conducted.  Ni  is  said  to  act  in  the  same  way 
with  certain  hydrocarbon  gases. 
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PALLADIUM   AND   CARBON. 

According  to  Moissan  palladium  forms  no  carbide  in  tbe  electric  fur* 
nace.     Other  cbemists  mention  a  carbide  of  palladium. 
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PLATINUM    AND  CARBON. 

No  platinum  carbide  has  been  produced  by  Moissan  in  his  electric  fur- 
nace* Pt  at  that  temperature  takes  up  some  carbon,  but  upon  cooling 
t gives  it  up  as  graphite  and  without  forming  a  definite  compound.  PtC, 
Is  mentioned  in  a  number  of  chemical  publications,  as  is  also  PtS<|C* 
This  platinum  sulphocarbide  is  produced  by  leading  a  stream  of  H  or  N 
[saturated  with  CS.>  vapors  over  spongy  platinum  at  a  temperature  some- 
J  what  below  dark  red  heat.  The  product  is  black  and  finely  divided, 
peither  HCl  or  HNOj,  attacks  it  and  aqua  regia  is  almost  without  effect. 
[Heated  in  a  stream  of  oxygen,  SOj^  COfi  and  Pt  result. 
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^ErsE.    [PtCt]  Ucber  AcechlorplAtin,  ncbst  B<?mcrkungea  uber  eimge  andere  ProdnctB 
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POTASSIUM   AND   CARBON. 

KfCf  Is  formed  by  the  direct  action  of  carbon  and  potassium  at  a  red 
heat     It  is  decomposed  by  water,  yielding  acetylene.     Davy  prepared  it 
nearly  ninety  years  ago  by  means  of  electric  heat,  and  described  his  pro- 
duct before  a  London  Society  in  1808.     He  made  it  from  graphite  and 
potassium  by  heating  them  together  in  a  glass  tube  in  an  atmosphere  of 
^^ydrogen.     The  product  is  described  as  being  somewhat  like  graphite  in 
^Bippearance,  infusible  at  red  heat,  taking  fire  in  the  air,  potassium  oxide 
Hi>eing  formed  and  leaving  a  black  residue.     Strongly  effervescent  with 
^lwater»  giving  off  a  gas  which  Dav)'  thought  was  hydrogen.     This  is  the 
^Krst  carbide  of  which  we  find  record.     Davy  repeated  his  experiments^ 
rinsing  potassium  and  willow  charcoal 
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RHODIUM    AND    CARBON. 

loissan  states  that  the  metals  of  this  group,  Rd,  Ir,  Pd^  and  Pt,  form 
bo  carbides  in  the  electric  furnace ;  for,  while  these  metals  dissolve  car- 
^n  readily  under  such  conditions,  they  give  it  up  in  the  form  of  graphite 
Itspoti  solidifying,  no  carbide  resulting. 
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SILICON  AND   CARBON. 

The  compound  of  carbon  and  silicon  known  as  carborundum  (CSr 
of  great  commercial  value,  being  a  good  abrasive.  Its  hardness  is  bctwe 
that  of  corundum  and  the  diamond,  A  compound  is  mentioned  by  Colsoq 
which  has  the  formula  CjSi,  and  a  doubtful  compound  C-Si,Al  is  also 
mentioned  in  chemical  literature. 

On  a  large  scale  carborundum  is  made  from  coke  and  sand,  these  being 
mixed  with  salt  and  sawdust  before  submitting  to  tlie  electric  heat*  The 
charge  is  put  in  a  long  box-shaped  furnace  surrounding  a  coarse  carbon 
core  which  extends  between  the  electrodes.  These  are  from  six  to  eight 
feet  apartf  from  one  to  nine  carbons  being  in  each  end  of  the  furnace. 
The  current  passes  from  eight  to  ten  hours.  CSi  forms  long  needle 
shaped  crystals  usually  of  a  greenish-yellow  color,  sometimes  blue.  It 
unacted  upon  by  mineral  acids,  decomposed  by  fusion  with  alkalies, 
oxidizable  by  FbCrO^.  The  crystals  are  infusible  except  in  the  elect 
arc.  An  amorphous  product  of  about  the  same  composition  is  formed  at 
some  distance  from  the  carbon  core  and  beyond  the  zone  in  which  th 
crystalline  product  is  found. 

The  patents  for  making  carborundum  are  owned  by  Mr.  Acbeson  in 
this  country  and  in  a  number  of  European  countries.  It  is  found  to  be 
very  useful  as  an  abrasive,  and  its  introduction  into  the  mechanical  arts 
has  been  rapid. 

The  di-carbide  of  silicon,  of  Colson,  is  made  by  passing  a  stream  oC 
CjH^  or  H2  saturated  with  benzine  vapors  over  silicon  for  several  hour 
The  silicon  is  contained  in  a  porcelain  tube  and  heated  to  a  bright  he 
during  the  conduction  of  the  gas.     SiC,  is  decomposed  by  KOH  or  by  1 
mixture  of  PbCr04  and  PbO,  but  is  not  acted  upon  even  at  red  heat  by 
acids,  oxygen,  or  chlorine. 

Tetra-silicO'Carbo-sulphide,  SiiC^S,  is  formed  by  conducting  CS,  vapon 
over  white-hot  silicon  contained  in  a  porcelain  vessel.     Other  product^ 
are  produced  at  the  same  time,  and  hence  the  contents  of  the  dish  are 
treated  with  hot  KOH  solution,  and  with  HF,     After  this  treatment  the 
above  compound  remains  as  a  greenish  powder,  decomposable  by  boiling 
HF»  HjS  being  evolved.     It  oxidizes  to  Si,CsO. 

Silicon  nitro-carbide  (CaSi^N)  results  when  Si  is  heated  in  the  presence 
of  C  and  N,  or  in  cyanogen,  or  in  the  presence  of  certain  carbon aceou 
substances  in  an  atmosphere  of  nitrogen. 
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p.  7  and  p.  115, 
BiCKB.    Bettrag  zur  Kenntniss  der  Carborundumkrystalle.    Ztichr.  Krystill  24.  p.  537, 

or  Chem,  Ccntrbl.  {!89s)  ^»  P**  -»  P*  959* 
LuRMAK.  Silidumkohlenstoff  u,  Ferrosiliciam    Ztschr,  Elektrochem.  ((896)  II 1,  p.  1 13. 
MoifiSAN.    Ann.  de  Chim.  [7]  9,  p.  289,  or  Chem.  Ccntrbl.  (1896)  pt  2,  p,  toSo. 

Sh  9U0  ikt$e :  — 

KuNZ.    {Note  on  hardneas)  Am,  J,  Sci,  46,  p.  471. 

ROTMWELL.    (Statistic*  of  production)  Mineral  Industry  (N.  Y.  1893)* 

Halleju    L'lndustrie  chimique  <Paris»  1 895),  P*  33^ 

Ztschr.  Angew,  Chem,  O894)  p*  1 18. 

AcititsoN.     Electric  furnace,  U,  S.  pat,  560,291,  May  19,  1S96. 

DAMtiKM.     (CTSisAl?)  Kandbuch  der  anorganischen  Chemie^  II«  1,  p.  546. 

COL30M.     (CaSi)  Bull  Soc.  Chim.  (i882>   [2]   38.  p.  56^  or  Jsb.  Chem.  (fooC-noiel 

figS2)p.3S7. 
CoLSoN  aud  ScHiyrzEKiiKRGRiL.     (C^SifN)  Sur  le  Silidum.    C,  R.  (fS8i )  92,  p.  1 508* 

or  Jsb.  Chem.  (iSSi)  p.  202, 
CouoN.    (SiiSCi)  Sur  dc  nouveaux  composes  caibosilides.    C.  R  (1882)  94,  p,  1316, 
CoLSON.     Action  du  sulfune  dc  carbone  sur  le  silidum-    C,  R.   (1882)  94,  p.  IS2<»*  or 

BuU*  Soc  CWhl  (1882)  [2]  38,  p.  56. 


SILVER  AND   CAKBON. 

Gay-Lussac  states  that  when  silver  is  melted  with  lamp-black  in  a  cruci- 
ble, about  three  per  cent,  of  carbon  is  taken  up  and  Ag^C  b  formed*  Ag|C 
results  by  heating  the  silver  salt  of  cuminic  acid  [QH4(CiHy)(C00Ag)], 
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in  an  open  dish.     It  is  a  yellowish  substance^  not  decomposed  by  heat 
It  contains  5,52 %C,  which  remains  when  this  carbide  is  treated  with^ 
HNO,i  (Gerhardt  and  Cahours). 

AgaCj  is  said  to  result  by  long  heating  of  the  silver  salt  of  pyroracemM 
acid  (CHjtCOCOO*\g).     It  is  a  gray  powder  of  metallic  appearance,  con 
taining  about  10.51  %C     The  same  compound  results  from  the  silver  sa 
of  maleic  acid  [CsHyfCOOAg^].     This  carbide  is  produced  by  passing 
acetylene  gas  through  ammoniacal  silver  solutions.     It  is  very  unstably 
and  difl&cult  to  work  with*     See  Reiser's  and  Plimpton's  work. 

LITERATURE, 

Brown,    J.  prakt  Chem,  (1839)  17*  p.  492. 

LiEBiG  and  Redten  bacmen.    [AggC]  Ueber  daa  Atomgewicht  des  KohlenstoHs,   Ahil 

Chem.  jS,  p.  129. 
Bkhal.    Bull  Soc.  Chim.  49,  p.  335^  and  Ber.  d.  Chem.  Ges.  21,  re£.  609W 
Berzeltus,    (Footnote)  Pogg.  Ann,  dcr  Phys.  36,  p.  28. 
Gerhardt  and  Cahours.    (?) 
Gay-Lussac.    (?) 
TiEREND.     [QAgi]  Ueber  ciniger  neue  Derivate  des  Acetylens.     Ann.  ClieDi.  f 35*  ] 

^57- 
Regnault.    (Maleic  acid)  Untersuchnng  einiger  ihrer  Satze.    Ann.  der.  Pbann*  19^  ] 

J'LIMPTON,    On  silver  acetylide.    Proc  J,  Chem.  Soc.  (1892)  p.  109. 
Keises.    Am.  Cbem.  J.  14*  p,  2S5,  or  Abs.  J.  Chcm.  Soc  62,  p.  1416;  sHid^o  a 
Chem.  118,  p.  330. 

SODIUM   AND   CARBON, 

CgHNa  and  Cy^Oa  result  by  passing  acetylene  gas  over  sodium  at  \ 
dark  red  heat     QNa,  is  decomposed  by  water  yielding  acetylene. 

LITERATURE. 

Brri' HELOT.     Sur  une  nouvelle  dasse  de  radicaux  m^tallfques  composes.     Bull  \ 
Lhim.  (1866)  V,  p.  182,  and  Ann,  Chem.  139,  p.  150,  and  Jsb.  Cheni.  (1S66)  p»  514 

Forgrand.    Chalcur  de  formation  de  Tac^tylure  de  sodium.    C.  R.  lao^p*  1215,  and 
Bull-  Soc.  Chim.  (1895)^  [jli  ^Ji  P-  99^ 


STRONTIUM   AND   CARBON. 

SrCg  fonns  under  aboot  the  same  conditions  obtaining  in  the  produc- 
tion of  Ca  or  Ba  carbides.  It  forms  a  dark  mass,  with  yellowish  fracture  . 
sp.  gr»  =  3.i9;  with  dilute  acids  and  water  it  decomposes,  giving  off 
chiefly  acetylene.  Reacts  with  halogens,  oxygen,  and  sulphur  at  high 
temperatures,  but  not  with  nitrogen,  silicon,  or  boron*  Both  SrO  and 
SrCOa  ha%'e  been  used  in  making  SrQ,  and  a  current  of  350  amp.  and 
70  volts  employed. 

LITERATURE. 

MoisSAN.    Etude  des  acc?tylures  cristallis^a  de  baryum  et  de  stronuitm     v  .  R.  118,  ] 
683,  or  Bull.  Soc.  Chim.  [3]  11,  p,  1007.  or  Chem.  Centrbl  (iS^)  65,  pt.  I,  p.  85 
BULUER.     D.  R.  p.  77,168. 
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ThQ  is  made  from  thoriuin  oxide,  the  reduction  being  more  easily 
eifecied  than  is  the  case  in  preparing  lirconium  carbide  from  zircon. 
ThCf  is  decomposed  by  water,  Hg  and  hydrocarbons  being  formed. 
Moist  air,  also,  slowly  decomposes  thorium  carbide,  sp.  gr,  =  10.15. 
Bums  at  a  red  heat  Concentrated  acids  are  almost  without  action  upon 
it.  The  gases  are  evolved  in  about  the  following  percentages :  C^Hj 
(48.44),  CH,  (27.69),  C.H,(5,64).  and  H,  (18.23). 

LITERATURE, 

Tkoost.    Sur  la  preparation  da  zirconium  et  du  thoritmi.    C.  R.  }t6,  p,  1227,  or  Aba, 

J.  Chem.  Soc.  (rSoj)  64,  pL  i,  p.  473- 
MorssAN  et  £  j'ARD.    Sur  les  carburet  d^yttrium  et  de  thorium.    C.  R.  122,  p.  575,  or 

Aba.  J.  Chom,  Soc.  (1S96)  70»  pt^  2»  p<  422,  or  Bolt.  Soc.  Cbim.  (1896)  [3]  tS,  p. 

U71. 

TITANIUM   AND   CARBON, 

Tic  is  produced  by  heating  together  TiOj  and  carbon  in  the  electric 
arc,  but  according  to  conditions  a  variety  of  compounds  may  result, 
some  containing  C,  Ti»  and  N.  A  current  of  1000  to  1200  amp.  and  70 
volts  is  required  for  this  reduction.  The  resulting  TiC  has  a  sp.  gr.  = 
4.25,  and  occurs  either  as  a  crystalline  aggregate  or  a  fused  mass  show- 
ing crystalline  fracture.  This  is  treated  with  HCl  to  remove  titanium. 
The  carbide  takes  fire  at  red  heat,  burning  with  so  much  heat  as  to  raise 
it  to  a  white  heat.  One  of  the  combinations  of  Ti,  C>  and  N  that  has 
been  studied  a  good  deal  has  this  formula  TijoCtNi.  Joly  considers  this 
to  be  a  mixture  of  TiN^  and  TiC.  It  was  discovered  in  the  furnace  pro- 
ducts from  certain  titaniferous  ores. 

LITERATURE  (TiC), 

SCHtMEK.    Titanium  carbide  in  ptg-iron.     Chem.  Newt  (1887)  55.  p.  156,  and  Ber*  d 

Chem.  Ge«,  20,  ref.  361,  and  Jsb.  Chem.  (r887>  p.  2522. 
VioLtE.    L'industrie  dectrique  (1894),  III,  v.  568. 
MoissAN,    Preparation  et  propn^t^s  du  titaoe.    C,  R.  (1895)  120^  p.  290^  or  Bull  See 

Chim.  (189s)  [3]  >3»P*963* 

CffHcermng  tht  niiro^arHdti^  eU,^  s^ 

WoLUtsToN.     Phil  Trans,  (1S23)  p.  400. 

Sandberger.    Cyansticksioff-Titan,  Fogg.  Ann,  der  Phy«,  (1851)  ^3,  p*  596;  or  Jsb. 

Chem,  (1851).  p.  343- 
WoiiLKU.    Uehcr  die  Natur  des  mctaUisdicn  Titana*    Ann.  Chem.  (tSso)  73,  p.  34. 
Won utn  and  DitviLtjc.     Ueber  die  AfBnitat  zwiachen  Stickstoff  nad  Titan.     Amt. 

Chem.  0^57)  103,  p.  33CV  or  Jsb.  Chem.  (157)  p.  173.    Sti  miiQ 
DAtTMP.R,  Handbuch  der  Anorganiachen  Chemie. 


TUNGSTEN   AND  CARBON. 

CW|  is  made  from  tungstic  acid  with  an  excess  of  carbon,  or  In  a  1 
bon  crucible.     The  carbon  in  excess  of  that  required  by  the  formul 
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CW^,  is  given  up  as  gtaphite  on  cooling.  CWj  is  an  iron-gray  compound, 
very  hard,  not  decomposed  by  atmospheric  moisture,  and  of  a  sp.  gr,  ^=- 
16.06. 

LITERATURE. 

MoissAN.  Preparation  au  four  ^lectrique  de  quelques  metaux  refractoircs ;  tungvt^oe, 
molybd^nc,  vanadium.  Bull.  Soc  Chim.  [3]  11.  p.  857.  and  C.  R,  (1S9J)  u6,  p. 
1225,  or  Abs,  J.  Chem.  Soc.  {1893)  64,  pL  2,  p.  471* 

MotssAN.  Recherclies  sur  le  tungst^ne.  Btitl  Soc,  Chlm.  (1S96}  [3]  16^  p.  taSg,  Bad 
C*  R.  123,  II.  p.  13,  or  Ztscbr,  Elcktrochem*  (1896)  IH.  p-  109. 

URANIUM   AND  CARBON. 

Commercial  uranium  oxide  is  purified  and  mixed  with  sugar-carbon 
and  submitted  to  the  action  of  a  current  of  900  amp,  and  50  volts  for 
five  to  ten  minutes.  The  operation  is  carried  on  in  a  carbon  crucible. 
CsUfa  is  the  prt>duct ;  crystalline  ;  sp.  gr.  ^  1 12S  ;  harder  than  quartz  but 
not  as  hard  as  corundum.  This  carbide  is  peculiar  in  its  decomposition 
with  water  The  reaction  must  be  quite  complex,  for  the  products  arc  : 
Hji  CjH.j,  CH^,  and  beside  these  there  are  produced  hydrocarbons,  liquid 
and  solid,  boiling  between  70^  and  200° C.  Some  of  rhese  are  unsaturated 
bodies  which  will  reduce  alkaline  silver  solutions.  After  distilling  off 
the  hydrocarbons  mentioned  above,  a  bituminous  residue  remains.  Ur,Ci 
bums  in  Fl  by  gently  heating,  also  in  CI,  O,  N2O4,  and  Br,  at  temperatures 
between  3 5 o*^  and  390^. 

LITERATURE. 

MoissAN.  Etude  du  carbure  d'uramum.  C.  R.  1 2a,  p.  274,  or  BulK  Soc  Chim.  [3]  ii, 
p.  ii»  or  Chem.  CeatrbL  (1896)  67,  pt  i^  p,  640,  or  Aba.  J.  Chem.  Soc  (1S96)  70» 
pt.  2,  p.  364. 

BuLLiER  and  Bignon*     D,  K.  P.  77,166,  and  Ztacbr.  Angew.  Chem.  (1S94)  p.  655. 


VANADIUM   AND   CARBON. 

Vanadium  anhydride  and  sugar-carbon  subjected  to  the  action  of  a  cur- 
rent of  900  amp.  and  50  volts  for  nine  to  ten  minutes  in  the  electric  fur- 
nace yield  VaC  \  a  beautifully  crystalline  compound,  sp.  gr.  =  5.36, 
harder  than  quartz,  attacked  by  HNOg  in  the  cold.  It  burns  vigorously 
in  oxygen  at  a  dull  red  heat.  Becomes  incandescent  if  heated  to  500^  in 
an  atmosphere  of  CL 

LITERATURE. 

M  DISS  AN.    Preparation  an  four  ^lectrique  de  quclqucs  tn^uux  r*?frai:toires  ;  tting^thM; 

molybd^ne,  vanadium.     C.  R-  1 16^  p,  1225,  or  Abs.  J.  Chem.  Soc  { 1893)  64,  pt.  j^  p. 

471,  or  Bull  Soc.  Chim.  [3]  11,  p,  857. 
MoissAN.     Etude  de  la  fonte  ee  du  cajrbure  de  vanadium.    C.  R.  122,  p.  1297,  or  Abs. 

J.  Chem.  Soc  (1896)  70,  pt  2.  p.  608,  orZtachr.  Elektrochem,  (1896)  III,  p.  92,  or 

BulL  Soc  Chim.  (1896)  [3],  16,  p.  1278. 
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rettersson  first  made  this  carbide,  YQ»  It  has  a  specific  gravity  of 
4*15.  This  carbide  is  golden  yellow  on  a  fresh  fracture,  but  remains  so 
only  a  short  while,  as  the  mobture  of  the  air  attacks  it.  The  halogens 
act  upon  it  in  the  cold.  Readily  attacked  by  acids.  Burns  in  oxygen 
and  in  the  vapors  of  sulphur  and  selenium.  In  making  YC^  in  the  electric 
furnace  more  heat  is  required  than  is  necessary  in  the  preparation  of  ce- 
rium carbide.  A  current  of  900  amp.  and  50  volts  effects  the  reduction 
in  about  six  minutes*  Vapors  of  the  metal  are  given  off  during  the  opera- 
tion. Water  decomposes  it  readily,  yielding  the  following  gases  :  — 
QH,  (71.  1%  h  CH,  (19%),  CtH,  (4.S%).  H,  {4.3%}* 

LITERATURE. 

O,  PrmtiissoK.    Kohlenjstoifbtadufigcn  von  den  Metallen  dcr  seltencn  Erden.     hat, 

d.  Chcm.  G<?a»  j8,  p.  2419,  or  Bull,  Soc  Chim.  (1896)  [3J  1$^  p.  101,  or  Chem. 

CemHil  ( 1 8951  66.  pi.  2,  p.  960^  or  Ab».  J*  Chcm-  Soc  {iSg(^)  70,  pt.  2,  p.  35, 
MOI5SAN  et  Etard.    Sur  lea  carbtires  d*yttriuin   el  dt  thorium,     Hull,  Soc.  Chim. 

(1896)  [3J  16,  p.  127U  or  C.  R.   122,  p.  573^  or  Aba.  J,  Chem*  Soc  (1896)  70,  pt 

2,  p.  422. 

ZINC  AND    CARBON  (>) 

A  compound  of  zinc  and  carbon  is  of  doubtful  existence  although  men- 
tioned in  old  books  on  chemistry. 

LrTERATURE. 

BlKXtUUS  (and  Gmelin-Kraut),  6th  ed.  3.  2»  1 1. 

Gmeun.     Handbook  of  Chcmlstiy  (Watt's  translation)  (1S49),  V^  p.  13. 
Brown.    J.  praki.  Chtm,  (iii39)  17,  p.  492, 

ZIRCONIUM   AND   CARBON* 

ZrC  is  produced  by  heating  for  ten  minutes  anhydrous  ZrO  and 
sugar*carbon.  A  current  of  1000  amp.  and  50  volts  was  used  by  Moissan, 
Cray  metallic  appearance*  scratches  quartz,  not  decomposed  by  damp  air 
at  ioo^\  In  this  it  differs  from  the  thorium  compound.  Hums  bnUlantly 
in  oxygen  at  a  dull  red  heat.     ZrC,  is  also  known  (Troost)* 


LITERATURE. 

BftftZKLius.    Kohlcnstoffiirconiam.     Pogg.  AntL  der  Phys.  (1825)  4,  p*  123. 

Gmelin.     (Walt'»  traiis-j  1849.)     Handbook  of  Chemistry,  lU,  p  343. 

Troost.    (ZrCst)  Siir  la  preparation  du  nrconium  ct  du  thoriam.    C.  R.  116^  p.  I  lay, 

or  Abs.  J.  Chem*  Soc.  (1S93)  64,  pt.  2,  p.  473. 
MOISSAN     Sur  la  votattlization  de  la  stlice  et  de  la  drcono  et  siir  la  reduction  do  lea 

cornpasi^s  par  )e  charbon.    C.  R.  1 16»  p.  1122,  or  AUs.  J.  Cbem,  Soc  (l993)  ^  P'* 

at  p.  531,  or  Itull.  Soc.  Chim.  \j}  1 1,  p,  863. 
MoisaAN  and  Lenofeili.    Sur  on  nouveau  carbufcde  sirconitttn.    C*  R^  122,  p.  651, 

or  Chem.  Cctiiihl  (1S96)  67.  pt.  r,  p.  887,  or  Aba.  J.  Chenu  Soc.  (1896)  70>  pt.  2» 

p*  428,  or  Bull.  Soc-  Chim.  (1896J  [3]  16*  p,  ia;5. 
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[Following  each  atithor'i  name  is  given  a  list  of  all  the  elements  to  the  literature  of 
whose  carbides  he  has  contributed] 


Abel.    Fe,  19. 
Acheson.    Si,  25. 
Arnold.    Fe,  18;  Mn,  21. 

Bams.    Fe,  19. 

Basset.    Hg,  21. 

Becke.    Si,  25. 

Behal.    Ag,  26. 

Behrens.    Cr,  16. 

Berend.    Ag,  26. 

Berthclot    Hg,  21 ;  K,  23  ;  Na,  2d 

Berthier.    Fe,  la 

Berzelius.    Ce,  15;  Ir,   17;  Fe,  18;   Pb, 

20;  Pet,  22;  K,  23;  Ag,  26;  Zn,  29; 

Zr,29. 
Bignon.    Ur,  28. 
Bottger.    Cu,  17. 
Bredel.    Ca,  14. 
Brown.    Cu,  17  ;  Fe,  18;  Pb,  ao;  Mn,  21 ; 

Zn,  29. 
Bullier.    Ba,  12;  Ca,  14;  Si,  25 ;  Ur,  28. 

Cahours.    Si,  25. 
Campbell.    Fe,  19. 
Caro.    Ca,  14. 
Charpy.    Fe,  19. 
Clarke.    Ca,  15. 
Clouet    Fe,  19. 
Colson.    Si,  25. 
Crova.    Cu,  17. 

Danmier.    Fe,  19;  Mg,  20;  Si,  25;  Ti,  27. 

Davy.    K,  23. 

De  Benneville.    Fe,  19;  Mn,  21. 

Debray.    Ce,  15. 

De  Chalmot.    Ca,  14. 

Delafontalne.    Ce,  15. 

Derille.    Al,  u ;  Bo,  12;  Cr,  16;  Ti,  27. 

Dickerson.    Ca,  14. 

Dobereiner.    Ni,  22. 


Drown.    Fe,  18. 
Dudley.    Fe,  19. 

Etard.    Th,  27;  Y,  29. 

Faraday.    Fe,  18. 
Fischer.    Pt,  23. 
Forgrand.    Ca,  14;  Na,  26. 
Frank.    Ca,  14. 
Frohlich.    Ca,  14. 

Gautier.    Ni,  22. 

Gay-Lussac    Ag,  26 

Gerhardt    Ag,  26. 

Gmelin.    Ce,  15;  Ir,  17;  Fe,  18;  Pb,  20; 

Mg,  20;  Mn,  21 ;  Pt,  23;  K,  23;  Si,  25; 

Zn,  29 ;  Zr,  29. 
Grehaut    Ca,  15. 
Gurlt.    Fe,  18. 
Guyton.    Fe,  18. 

Hadfield.    Fe,  18. 
HaUer.    Si,  25. 
Hallopean.    Ni,  22. 
Hampe.    Al-Bo,  11 ;  Bo,  12. 
Hautefeuille.    Fe,  i8;  Mn,  21. 
Henry.    Gl,  17. 

Irving.    Ni,  22. 

John.    Pb,  20. 
Joly.    Cb,i6. 
Jones.    Ca,  14. 
Juptner.    Fe,  18. 

Karsten.    Fe,  18. 

Keiser.    Cu,  17;  Hg,  2i;  Ag,  2d. 

King.    Ca,  15. 

Korda.    Ca,  15. 

Kraut    Mg,  20;  Mn,  21. 
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Kriiger.    Ca,  14. 
Kunz.    Si,  25. 
Kutscherow.     Hg,  21. 

Langer.  Ni,  22. 
Lebeau.  Gl,  17. 
Ledebur.  Fe,  19. 
Lengfeld.  Zr,  29. 
Lewes.  Ca,  14. 
Liebig.  Ag,  26. 
Lupke.  Ca,  14. 
Lonnan.    Si,  25. 

MaUet.    Al,  11. 

Maquenne.    Ba,  12. 

Marguerite.    Fe,  18. 

Mathews.    Si,  25. 

Mendel^ef.    Fe,  19;  Mn,  21. 

Miller.    Pd,  22. 

Moissan.    Al,  11 ;  Ba,  12 ;  Bo,  12;  Ca,  14 ; 

Ce,  15;  Cr,  16;  Co,  16;  Ir,  17;  Fe,  19; 

La,  20 ;  Li,  20 ;  Mn,  21 ;  Mo,  22 ;  Ni,  22 ; 

Pd,  22;    Rd,  24;    Si,  25;    Sr,  26;   Th, 

27;  Ti,  27;  U,  28;  Ur,  28;  Va,  28;  Y, 

29 ;  Zr,  29. 
Mond.    Ni,  22. 
Morehouse.    Ca,  14. 
Morveau.    Fe,  19. 
Miihler.    Fe,  19. 
Miihlhauser.    Bo,  12;  Si,  25. 


Nemst. 
Nickles. 


Fe,  19. 
Cu,  17. 


Osmond.    Fe,  19. 

Parkinson.     Mg,  20. 

Pearce.    Fe,  18. 

Pease.    Fe,  19. 

Pelissier.     Ca,  15. 

Pettersson.    Ce,  1 5 ;  La,  20 ;  Y,  29. 

Plimpton.    Hg,  21 ;  Ag,  26. 


Proost    Fe,  19. 
Puckert    Ca,  14. 

Quet    Cu,  16. 
Quincke.    Ni,  22. 

Rammelsberg.    Fe,  18. 
Read.    Fe,  19;  Mn,  21. 
Redtenbachen.    Ag,  26 
Renault    Ag,  26. 
Ross.    Ni,  22. 
RothweU.    Si,  25. 

Sandberger.    Ti,  27. 
Schimer.    Ti,  27. 
Schiitzenberger.    Pt,  23  ;  Si,  25. 
Stodart.    Fe,  18. 
Strotthal.    Fe,  19. 

Thompson.    Co,  id 

Torrey.    Cu,  17. 

Travers.    Ca,  14;  Hg,2i. 

Troost     Fe,  18;  Mn,  21 ;  Th,  27  ;  Zr,  29. 

Tunner.    Fe,  18. 

Valerius.    Fe,  18. 
Van  Linge.    Cr,  16. 
Venable.    Ca,  14. 
Violle.    Ti,  27. 
Vivian.    Cu,  17. 
Volkmann.     Si,  25. 

Wedding.    Ca,  14 ;  Fe,  19. 

Werth.    Fe,  19. 

Weyl.    Ca,i4. 

Willgerodt.    Ca,  14. 

Willson.    Ca,  15. 

Wohler.    Bo,  12  ;  Ca,  14;  Pd,  22 ;  Ti,  27. 

Wollaston.    Ti,  27. 

Wyatt    Ca,  15. 

Zeise.    Pt,  23. 


V 


u 


I 


Mm 


■  ^  J^'   -  ■  ^» *•>■«;..* 

t ^^^^^^^^^^^^^^^^^^H 

.  -  ^'          i^V 

* 

4* 

^^<^> 

>:  '#"1             '    -  ,M^ 

J^^^H   < 

^..•••^Til        .,         ^       J^ 

Wf<*v*%':<  ^%>v  .^'     .^mi^,,  .^ 

